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THE STUDY OF STATISTICS IN COLLEGES AND 
TECHNICAL SCHOOLS. 

BY FRANCIS A. WALKER, President. 

During the past twenty or even ten years there has been an aston- 
ishingly rapid development of historical and economic studies in our 
higher institutions of learning. At the recent meeting of the American 
Historical Association in Washington, President Adams of Cornell pre- 
sented an account of the work at present done in history in our leading 
colleges. To one who graduated thirty years ago, this account reads 
strangely enough. In place of, at the most, a single brief series of 
lectures on the so-called philosophy of history, we now find course 
after course of advanced historical study, with the free use of the library 
and with the most improved methods of the German Seminar, offered 
to students as a leading feature of their undergraduate work. Several 
of our American colleges have developed these courses in such variety, 
to such an extent, and with such a wealth of material, that they might 
not unfairly be called schools of history ; and every year sees this car- 
ried further and further, with continually better and better results. 

In the kindred department of economics, the progress made in recent 
times has been second only to that which we have noted regarding his- 
tory. Indeed, the progress in the case of economics has been smaller 
only in respect to the number of colleges which have undertaken ex- 
tended courses. In the institutions where both the new departments of 
study and research have been given scope, the extent to which political 
economy has shared in the growth of the past few years can scarcely 
be said to be inferior to that obtained by history. Neither in the 
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2 Francis A. Walker. 

ability and reputation of the instructing staff, nor in the number and 
variety of courses offered, nor in the attendance and enthusiasm of 
the classes formed, does political economy yield to history at Harvard, 
or Yale, or Columbia, or Cornell. Together these two closely related 
departments make up a very large and constantly increasing part of 
the modern university. 

Unfortunately, while this rapid development of historical and eco- 
nomic work has been going on, a branch of study which has the high- 
est virtue at once to train the hand of the historical or the economic 
scholar and to furnish him with professional tools of the first impor- 
tance has been almost wholly neglected. I refer to statistics, whose 
very methods are hardly known to the great majority of our econo- 
mists and historians ; and which is still to have its first chair founded 
in an American college. There are, indeed, a few schools where a little 
elementary instruction has, of recent years, been given in the use of 
figures as a means of testing sociological conclusions ; but in no one of 
them has a full, proper course of statistics been established. It cannot 
be long, however, before the growing interest in economics and history 
will compel the recognition of statistics as a distinct and an important 
part of the curriculum of every progressive institution. The main diffi- 
culty will be to find the men who have had the training, at once severe 
and liberal, which will qualify them to inspire and direct these studies. 

The three uses of statistical study, aside from its value as a means 
of discipline, are, in their order from lowest to highest, as follows : — 

First, to enable the student to detect the fallacies in conclusions 
drawn by others from quantitative statements concerning human affairs, 
actions, interests, in which adventitious elements lie concealed, or from 
which something essential, or at least relevant, has, by inadvertence or 
dishonest design, been excluded. 

Secondly, to enable the writer or the speaker upon politics, econo- 
mics, history, or sociology safely and effectively to illustrate and em- 
phasize his conclusions, drawn from a study, itself perhaps mainly or 
wholly non-statistical, of the subject to which he devotes himself. 

Thirdly, statistics may, under proper direction and with due safe- 
guards, be used for the discovery of social laws. 

The first of these objects could perhaps only be fully attained through 
those long and weary stages of training which would be required to 
qualify one for the highest exercise of the statistical faculty, as last 
stated ; but a very large part, at least, of the result desired, can be 
reached by a little very elementary instruction. To take an illustration 
from another department of study, we may suppose that an adequate 
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course in logic, sufficient to make a man, otherwise well trained, a 
sound and accomplished reasoner, might be compassed in a certain 
number of exercises per week, continued through two academic years. 
Yet, if time be not afforded for such a course, a great deal might be 
done to enable the student to detect false conclusions on the part of 
others, and to save him from the grosser errors of reasoning in his own 
writing or speaking, by means of a dozen hours devoted to fallacies. 
In much the same way, if a full course in statistics cannot be given, a 
few exercises upon the abuses of statistics may at least serve to keep 
one for life from a certain class of blunders from which men of the 
greatest acuteness and learning might not otherwise be exempt. 

Let us take an illustration of the sort of errors against which the 
merest elementary study of statistics might prove a sufficient protection. 
A meritorious writer adduces as a proof of the great fall of prices which 
took place in New England between 1630 and 1640, that a cow which, 
at the former date, was worth £2^ to £iOy would, at the latter date, 
have brought but £$ to £6, Now the bare facts here are not in dis- 
pute ; nor is it to be questioned that a fall, a great fall, in prices did 
take place in New England during the period referred to. Yet the state- 
ment quoted contains a gigantic blunder, — a blunder which a student 
of statistics would probably be incapable of making. In 1630, the value 
of a cow in New England represented the immense cost and risk of 
bringing an animal, by a slow-sailing vessel, thousands of miles, through 
comparatively strange seas, into a foreign climate. Ten years later, the 
value of a cow represented only the cost and risk of rearing her upon 
the soil. The cow of 1630 might still be living, surrounded by ten, 
twenty, or fifty of her descendants, born in New England. 

Errors of this type are countless. They occur in the writings, they 
are heard in the speeches, of men learned and otherwise acute, but who 
have never been trained to detect the fallacies that lurk so cunningly 
under all groups of figures. Volumes might be filled with instances of 
statistical blunders of a class which a very elementary course would for- 
ever render impossible to any careful writer or speaker. Such a course 
would embrace a host of illustrations, affording examples of the kinds 
of error which especially beset the use of figures for sociological pur- 
poses, and would direct the attention of the student to the best means 
of exercising care and pains in escaping them. 

It is easy to say that, if statistics be in truth such ** kittle cattle," if 
danger lurk thus under every group of figures relating to social and 
economic matters, it would be better to eschew statistics entirely. But 
mankind will not consent to give up an agent of such power, because of 
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the abuses to which it is subject. If all men at once honest and candid 
were to forbear to employ statistics in such discussions, lest peradven- 
ture they should lead some astray, we may be sure that all the dishonest 
and uncandid would resort to their tables and diagrams with redoubled 
zeal. There are few instincts more strong than that which urges men 
to give a quantitative expression to the results of human experience. 
Men will do it, or have it done for them by others. No warning as to 
the possible errors of such evidence can prevent this appeal, or diminish 
the eagerness with which it will be made. What we must needs do, if 
we will promote the truth, is to instruct and exercise the citizen, as far 
as we may, in the scrutinizing, sifting, and testing of alleged statistical 
proofs. 

What has just now been said brings me to the second of the objects 
enumerated as to be sought through the study of statistics: namely, to 
qualify and prepare the future writer or speaker upon political and 
economic and social questions safely and effectively to illustrate his 
conclusions, derived perhaps through processes mainly or wholly non- 
statistical. I have said that the instinct which leads men to seek quan- 
titative statements for the results of human experience is one of the 
strongest in our nature ; and that people will have this done, whether 
it is to be done rightly or wrongly. He then, who, in addition to the 
merits of sound and just thinking on social subjects, possesses the power 
of aptly using statistics, acquires thereby a great advantage, whether in 
exposition or in controversy, over almost any one, however gifted or 
brilliant in argument or in the graces of speech, who has not this pecu- 
liar faculty. All who have widely observed audiences gathered for the 
purposes of political discussion must have seen the almost ludicrous 
liking which they have for statistical statements. The crudest thinking 
is oftentimes carried through by an array of worthless statistics, which 
would not bear a moment of cool, critical investigation. Quantitative 
statements that are scarcely even relevant to the subject are, for popu- 
lar purposes, better than none. What power, then, can a real master of 
statistics wield over his hearers ! Attend a meeting where Mr. David 
Wells is speaking, and see how he holds the crowded audience in close 
attention for two hours, with no help from rhetoric, elocution, or ges- 
ticulation, merely by the strong, vivid, effective way in which he mar- 
shals figures. There are few orators who can so completely command 
the thoughts of their hearers, for the same length of time, by all the 
graces of speech, or even by stately and beautiful thoughts, as this pub- 
licist, whose style of speaking is not merely unfinished, but positively 
bad. Mr. Cobden owed very much of his extraordinary power to the 
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same cause. Mr. Gladstone is an even more remarkable example of 
the virtue of this art. Unthinking people say that he must be a won- 
derful orator, because, in spite of the serried masses of figures which 
belong to a budget speech, he has more than once held the House of 
Commons strictly silent and attentive for the space of three or four 
hours. The fact is, that that remarkable success was not obtained in 
spite of statistics, but by reason of them. There is no spectacle on 
which men, whether more or less educated, look with more breathless 
interest than the marshalling of a vast array of figures, which move and 
take their allotted place, in natural succession and in due order, at the 
bidding of a real master of that art. 

Since so much popular interest attaches to the use of statistics in 
addressing any large audience, whether from the platform or from the 
author's or editor's desk, it is clearly worth while for every person who 
is under training to become a writer or a public speaker to undertake 
all the instruction and practice which may be necessary to enable him 
to put together the facts and figures which relate to any chosen subject 
at least clearly and correctly. We cannot all be Cobdens, Gladstones, 
or Wellses ; but every educated man can learn to construct tables and 
diagrams which will bear the test of a fair scrutiny and liberal criticism. 
To do aught in the way of statistics at which fools will not peck, is of 
course beyond any man's power. 

Those who have never tried their hand at statistical work will fail to 
appreciate the difficulties to be encountered at the start, and the fre- 
quently recurring need of going back and beginning all over again. To 
go to a series of extended tables with multitudinous subdivisions, in 
which a given total is distributed among many classes, and to take 
therefrom just what you want, no more, no less, and no other, — to 
make sure that your parts when put together will form a whole, and 
that no direction conveyed by the heading of a single column has been 
neglected, — is a task for which men must be trained, and in which they 
must be practised, going from simple and easy examples to complex 
and difficult ones, by patient steps. The great majority of editors and 
writers for the press, the great majority of legislators and public 
speakers, either fail on such work, or, as is most likely, judiciously 
avoid the attempt, even though statistical matter altogether relevant to 
the subject, and which might be made most interesting to their readers 
or hearers, lies on every side of them. In my long experience in office 
at Washington, noth'ng struck me more forcibly than the helplessness 
of Congressmen — even, with few exceptions, the acutest and best 
trained — to get up the figures for their own speeches. No matter 
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how clear their conception of the positions they wished to present, 
few of them could readily and confidently resort to the government 
publications at hand for the statistical materials with which to illustrate 
and enforce their views ; and the gratitude with which they would ac- 
cept and acknowledge some trifling assistance from a well trained clerk 
was almost ludicrous. I do not intend any disparagement by this 
statement. Statistics have a language of their own, and he who would 
use them must first learn that language; and this is as yet taught 
scarcely anywhere. 

A striking example of the liability to mistakes which constantly 
besets the compilation of statistical tables was afforded in a book pub- 
lished, some years ago, under the title, ** The Statistics of the United 
States." The plan of the work was a good one; such a book was 
needed; but the author evidently had not had the training requisite 
safely to carry out his scheme without falling into the gravest errors. 
For instance, the work undertook to present the expenditures of the 
United States for each year since the formation of the government. 
The figures used were taken directly from the finance reports of the 
Treasury Department, and were hence of the highest official authority. 
Unfortunately, however, the compiler went for this purpose to the 
column of "Gross Expenditures," and transferred the figures he found 
there into his table. The result was that for some years he was out of 
the way by several hundreds of millions of dollars, since during these 
years the Treasury issued large loans to pay off" other loans contracted 
during the war at high rates of interest. Thus, for 1868 this writer gave 
the expenditures of the government as $1,093,079,655, — a very ex- 
pensive government indeed for a time of profound peace ! The facts 
were as follows. The " net ordinary expenditures " of the government 
that year were $202,947,734; there was paid from the Treasury, in 
bond premiums, $10,813,349; and, as interest on the national debt, 
$143,781,592; making the total expenditures of the government on 
these accounts, $357,542,675. In addition, the Treasury redeemed 
bonds to the amount of $735,536,980; and this, mainly, out of the 
proceeds of fresh loans, at lower rates of interest. All this vast sum, 
more than twice the actual expenditures of the government, even after 
including bond premiums and the current interest on the public debt, 
was embraced in the financial statement of the last year of Mr. John- 
son's administration. This mistake was committed in connection with 
each successive administration, from Washington's down. 

It is needless to say, that blunders of such a magnitude completely 
destroyed the prestige of the book; and that, although it was intended 
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to be issued from time to time, with the facts and figures brought down 
to date, it was never heard of again. 

Another example of statistics rendered actually delusive by the ne- 
glect of elementary considerations is found in a recent work on State 
and Municipal Taxation, a book which, in many of its views and sug- 
gestions, makes a valuable contribution to economic literature, but is, 
statistically, very faulty. Thus, in a " comparative table," showing the 
'* principal receipts, total receipts, and total expenditures " of certain 
leading cities, New York is put down for $73,309,884 of total receipts, 
in 1886, and for $71,750,743 of total expenditures. Now the fact is, 
that nearly twenty millions alike of the receipts and of the expenditures 
represent nothing but temporary loans, contracted and paid during the 
year. City taxes come in mainly during a brief period. In order to 
prevent the necessity of keeping a vast sum of money in the treasury 
for months together, the government properly borrows in the " dry sea- 
son," and liquidates its obligations when the taxes set in like a flood. 
Yet this fact was, in the work referred to, allowed to swell the expendi- 
tures of the city more than one third. Had the city treasurer found 
it expedient to borrow ten millions more for one, two, or three months, 
this would have carried the " expenditures " of New York up to 
eighty-one millions! 

Instruction directly intended to qualify a student to use statistics, and 
to compile tables with ease, confidence, and accuracy, is now given at 
Harvard University, Columbia College, the Institute of Technology, and 
probably elsewhere. The pupil is taught to look up the data relating 
to a given subject, as these may be found scattered through long series 
of official reports ; to bring the various statements together ; to examine 
them as to their proper comparability; to test their accuracy by all 
means which may be available ; and to put them together into tables. 
The student is further taught to work out the percentages involved, and 
to set one class of facts into relation with others ; as, for example, to 
compute the ratio of valuation, or of expenditure, or of mortality, to each 
million or each thousand of the population concerned ; and, finally, to 
make diagrams or charts, which shall exhibit graphically the several ele- 
ments, taken in their due proportions, as ascertained by the investigation. 
In none of the higher institutions, however, is this branch of study car- 
ried as far as it ought to be ; nor are all the methods of instruction in 
this department yet worked out to their greatest efficiency. Still, the 
good work has been well begun ; and the constantly growing apprecia- 
tion of the ability to compile and to use statistics for the purposes of 
political, economic, and social discussion cannot fail to cause a rapid 
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development of this feature of the college course. The American Sta- 
tistical Association, under the able secretaryship of Prof. Davis R. 
Dewey, is doing much to promote this study ; and it is the desire of its 
officers that its Journal may become to a considerable extent at once 
the organ of communication, of suggestion, and of friendly criticism 
among the working statisticians of the country, and the repository of 
the best essays in this line from our leading colleges and universities : 
affording, in the latter way, a great impulse to the study of statistics 
"where it will do most good," namely, in connection with the academic 
pursuit of history and economics. 

The scope of this paper does not include a discussion of the subjects 
and the order of studies designed to give the investigator the power to 
discover statistically the laws which govern the action of social and eco- 
nomic forces. Such a course would necessarily be long and severe. 
It should, for the best results, embrace the highest mathematics of our 
American colleges, and should be largely directed to the development 
of the biological sense. The number of those who, otherwise than as 
a means of mental training, would have occasion to undertake such a 
course, would necessarily be small. There is reason to wish that all 
citizens, from the highest to the lowest, might undergo so much of 
training in statistics as should enable them to detect the errors lurk- 
ing in quantitative statements regarding social and economic matters 
which may, by tongue or by pen, be addressed to them as voters or 
as critics of public policies. Comparatively few of these, however, will 
ever have occasion to prepare such statements for themselves, and would 
thus have use for the special faculty which is required for the compila- 
tion of statistical tables and diagrams. Far smaller still will be the 
number of those whose natural endowments and whose chosen pursuits 
would justify the long and laborious training, the patient practice, and 
the acquisition of the large and various learning, which alone can qual- 
ify the student of history, of sociology, or of political economy confi- 
dently and surely to educe from thousands of pages closely packed 
with figures some hitherto unsuspected law of human life or conduct. 
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EXPERIMENTS ON THE PREPARATION OF BOILED 

LINSEED OIL. 

BY FRANK H. THOkP, S. B. 

The composition and properties of the drying oils have been but 
little studied. About twenty-five years ago, Mulder ^ took up this 
subject and published his observations. Within the last few years 
other chemists have investigated the subject, but the particular changes 
which take place in the so called " boiling " of linseed oil have received 
little attention. 

The drying of this oil is due to its oxidation, and the oxidation is 
greatly hastened by the " boiling." The dryer, or substance added to 
the raw oil, partially oxidizes the oil during the boiling, and when a 
thin layer of the boiled oil is exposed to the air it rapidly hardens 
owing to the further oxidation of the oil. The dryer dissolved in the 
oil acts, perhaps, as a carrier of oxygen from the air to the oil. 

The dryers most commonly used are litharge, pyrolusite, borate of 
manganese, and zinc white. Recently the oxalate of manganese has 
been proposed for this purpose.* 

According to Mulder, some of the linoleic acid is converted to Hno- 
leic anhydride during the boiling. This anhydride is a tough, elastic 
body. At the same time, some of the metal of the dryer forms a salt 
with the remainder of the acid, and this salt gives hardness to the 
varnish. 

Hazura and Bauer ^ find that the rate of oxidation, and consequent 
hardening of the oil, depends on the ratio of linoleic and linolenic acids 
present 

When linseed oil is oxidized, it undergoes very marked changes in 
its physical properties; the color becomes darker, the oil becomes 
more viscid, and there is an increase in weight, sometimes equalling 
eight per cent. Some carbon and hydrogen are also driven off. These 
changes occur also during the process of " boiling." According to 

1 Die Chemie dcr austrocknenden Oele, Berlin, 1867. 

' Casteloz, Bull, de la Soc. Chimiqae, Vol. L. pp. 597, 645. 

» Monatsh., Vol. IX. p. 459. 
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Cloetz^ the carbon and hydrogen eliminated do not all pass off as 
carbonic acid and water, but partly as an irritating vapor resembling 
acrolein. He has shown that the glyceryl is destroyed. 

A good varnish must be thin enough to apply with the brush, must 
dry without cracking and with rapidity, and give a clear, colorless film, 
which should be somewhat flexible. Oil varnishes give tougher films 
than volatile varnishes. 

Preparation of Boiled Oils. 

The oil used was a very light yellow cold-pressed, raw, Calcutta lin- 
seed oil. The same quantity of oil, 50 c.c, was used in each experi- 
ment unless otherwise noted. The weight of 50 c.c. of this oil was 
found to be 45.7 grams. The quantity of dryer used in each case was 
noted. 

The general process of boiling in each case was as follows. 

The measured oil was heated in glass beakers of about 150 c.c. capa- 
city, which were set in a pan of fine sand as closely as they would stand 
without touching. The sand bath was heated by gas burners beneath. 
Thus from four to six beakers were heated at one time. By the use 
of a sand bath, the temperature of the oil could be regulated better 
than by direct heating, and the danger of the taking fire of the oil was 
reduced. By raising the sand around the beakers to about one half 
the depth of the oil, the whole mass could be very evenly heated. 
The oil was frequently stirred during the heating. In the course of the 
experiments it was found that the size of the beaker and the quantity 
of oil used had a marked influence on the temperature. With a beaker 
of 250 c.c. capacity and containing lOO c.c. of oil, the temperature was 
found to be about 30** higher than in a beaker of 1 50 c.c. capacity con- 
taining 50 c.c. of oil, under similar conditions. The temperature in 
the larger beaker was also much more even. 

As the presence of small quantities of water in the dryers caused vio- 
lent ebullition and frothing when they were added to the hot oil, they 
were carefully dried before being stirred into the hot oil. In those 
cases where the dryer was added to the cold oil and slowly heated with 
the oil, it was seldom dried, as all water escaped before the oil was hot 
enough to froth or spatter. But salts with " water of crystallization " 
always caused some disturbance, since this water does not escape until 
the temperature is quite high. With clear raw oil there is no ebulli- 
tion until a very high temperature is reached. At 220° small bubbles 

1 Bull, de la Soc Chimique, Vol. III. p. 41. 
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begin to show around the edge of the oil surface, and white irritating 
vapors of very disagreeable odor begin to come off. But active boil- 
ing of the oil does not take place under 360°, which was as hot as these 
oils were in any case heated. In general, the best results were ob- 
tained with temperatures between 230° and 275**. 

Lead Salts. 

Litharge, — Six experiments were made with quantities of litharge, 
varying from one half of one per cent to two per cent of the weight 
of the oil, and temperatures varying from 220° to 300°. Two of these 
experiments yielded fairly good boiled oils. The first was made with 
one per cent of litharge and at a temperature of 250° for two and one 
quarter hours ; the second, with about two per cent of litharge and a 
temperature of 220° for one and a half hours. The remaining four 
experiments did not give good boiled oils. 

Lead Peroxide. — One experiment only was made, at a temperature 
of 220^, but the resulting oil was worthless on account of its exceed- 
ingly dark color. 

Red Lead, — Two experiments, at temperatures from 220° to 285°, 
gave unfavorable results. 

Lead Carbonate, — Three experiments, with about one per cent of 
carbonate in each, and temperatures from 225** to 250°, were made. 
One, in which the temperature was kept at 225° for two hours, gave a 
fairly good boiled oil ; the others were worthless. 

Lead Nitrate, — One experiment, with two and one half per cent of 
nitrate and a temperature of 250^, resulted in a worthless mass of tar. 

Lead Sulphate, — One experiment, with about two and one half per 
cent of sulphate and a temperature raised to 300° for nearly two hours, 
produced a very thin turbid oil, of no value. The sulphate did not 
decompose, even at this high temperature. 

Lead Chloride. — Three experiments were made with the chloride, 
the quantities used varying from one to two and one quarter per cent, 
and the temperature from 250° to 360^. The first, with two and one 
quarter per cent of chloride and a very high temperature for one and 
three quarters hours, yielded a very sticky and elastic gum-like mass. 
In the other two cases, with lower temperatures, there appeared to be 
but little action on the oil. 

Lead Oxalate. — One experiment, with about two and one quarter per 
cent of oxalate and a temperature at one time over 300°, yielded a thin 
and turbid oil of no value. Apparently the salt did not decompose. 
The oil did not dry. 
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Lead Acetate, — One experiment, with three per cent of acetate and 
a temperature of 300°, gave a very dark-colored oil which dried very 
slowly. 

Lead Borate, — Two experiments, with about two per cent of borate 
and temperatures of 220° and 300° respectively, were made. The first 
gave a dark bVown oil, and the other a dark reddish-brown oil. Both 
oils were quite fluid. 

Lead Tartrate. — One experiment, with about two and one half per 
cent of the salt and a temperature of 270**, was made. The tartrate did 
not decompose until a high temperature was reached, and the boiled oil 
was very dark-colored and viscid. 

Mixtures, — Two experiments with mixtures of litharge and red lead 
were made. Two per cent of each oxide was used, and the tempera- 
tures kept below 250° in one case, and 230** in the other. The boiled 
oils were quite fluid, but very dark-colored. 

Two experiments with mixtures of litharge and acetate were made, 
using two per cent of each and keeping the temperatures as in the above 
cases. The results were better with these, although the oils were quite 
deeply colored. 

Zinc Salts. 

Zinc Oxide. — Two experiments, with one and two per cent of oxide 
respectively, and the temperature at 250°, were made; both gave turbid 
oils which did not clarify satisfactorily. The colors were light brown. 
These oils dried very slowly. 

Zinc Sulphate. — Two experiments were made with this salt, using 
nearly four per cent in one case and three per cent in the other. In 
the latter case the sulphate was added to the cold oil and heated with 
it. The temperature in this case was raised to 285°. The oil was poor. 
In the former case the temperature was kept below 230"*. The oil was 
light red in color, and the sulphate appeared to have very little action. 

Zinc Carbonate. — One experiment, with three per cent of the salt 
and a temperature of not over 230°, gave a poor result. It was, in fact, 
much like the oxide. 

Zinc Acetate. — Two experiments, with two and four per cent of ace- 
tate and temperatures between 235° and 280°, gave red oils, which were 
clear and fluid, but slow-drying. 

Zinc Chloride. — One experiment with this salt resulted very similarly 
to the first lead chloride experiment. A semi-solid mass was formed. 

Zinc Borate. — Three experiments, with two per cent of the salt and a 
temperature not over 240°, gave fluid dark red oils, which dried slowly. 
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Zinc Oxalate. — One experiment showed that the oxalate did not act 
on the oil after prolonged heating at 260** ; on raising the temperature 
to 300^, the oil was converted into a mass of tar. 

Zinc Citrate. — One experiment, with three per cent of the salt and 
the temperature at 230°, gave a fairly good, clear oil, which dried rather 
more rapidly than the oils prepared with the other zinc salts. 

Zinc Tartrate. — One experiment, with three per cent of the salt and 
a temperature of 300** was made, but the salt appeared to have very 
little action upon the oil. 

Manganese Salts. 

Manganese Binoxide. — One experiment, with one per cent of the oxide 
and a temperature not over 220°, gave a very dark-colored boiled oil. 

Manganese Carbonate. — One experiment with this salt, at a temper- 
ature not over 250°, gave a reddish-brown boiled oil, much like the best 
oils obtained with litharge. 

Manganese Acetate. — Three experiments, with quantities of the salt 
from one to two per cent and temperatures from 225° to 250°, gave red 
boiled oils of varying depth of color. All dried quickly, and were good 
boiled oils. 

Manganese Borate. — Two experiments, with one and three per cent 
respectively of this salt and temperatures of 230° and 220**, gave the best 
oils obtained in the entire investigation. The boiled oils were clear, 
fluid, and light colored. They dried quickly, and gave good films. 

Manganese Sulphate. — Three experiments, with from two to about 
three per cent of this salt and temperatures from 240° to 300°, gave 
varying results. At 300° the sulphate decomposed rapidly, and tarred 
the oil ; at the low temperatures there was less action, and good clear 
oils were obtained. 

Manganese Oxalate. — Five experiments, with from one to three per 
cent of the salt and temperatures from 230° to 315°, gave rather unsat- 
isfactory results. At the lower temperatures the oxalate did not appear 
to decompose, and the oils were turbid from sediment, which did not 
settle on long standing. These oils were light in color, but dried rather 
slowly. At the high temperatures, there may have been some decom- 
position of the salt, but the oils obtained were also turbid, and, in one 
case, quite dark-colored. 

Manganese Citrate. — One experiment, with three per cent of the salt 
and the temperature at 230°, gave a very dark-colored oil. 

Manganese Tartrate. — Two experiments, with from two to three per 
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cent of tartrate and temperatures from 230° to 260**, were made. The 
first gave a very good oil ; the other did not. 

Manganese Formate, — Two experiments were made with this salt 
In the first, two per cent of the salt was used, and the oil was converted 
into tar. In the second, one per cent of salt was used and the tempera- 
ture kept below 200*^, the time of heating being about one hour. The 
boiled oil obtained dried very fast, but was very dark brown in color. 
The result was not good. 

Drying Tests. 



Dnrer. 


Quantity of 
Dryer used. 


Time of 
Boiling. 


Time required for 
Drying. 


Character of the Film. 




Grams. 


Hours. 


Hours. 




Litharge ....-- 


10 




6 


Almost colorless. 


M 






0.2 


10 


« u 


« 






0.8 


10 




Lead peroxide . . 






L072 


Several days. 


Deeply colored. 


Lead chloride . . 






1.247 


2'A 


24 


Somewhat colored. 


Red lead .... 






1.024 


Z'A 


24 


Deeply colored. 


Lead oxalate . . 






1.323 


2J4 


Did not dry. 




*' tartrate . . 






L6 


2H 


24 


Deeply colored. 


" acetate . . . 






L46 
1.105 


2X 

i}4 


12 
20 


Somewhat colored. 
Slightly colored. 
«< <( 


"* borate . . . 




" carbonate . . 






1.197 


2 


10 


Zinc oxide 






0.5 


2V 
2}i 


45 


Nearly colorless. 


" sulphate . . 






1.987 


45 


" sulphate . . 






1.5 


t% 


45 


Yellow in color. 


" acetate . . . 






1.0 


2% 


40 


Colorless, 


** borate . . . 






1.0 


2 


40 


Nearly colorless. 

U «f 


(1 «c 






0.5 


\A 
VA 
2'A 


46 


(( « 






0.5 
1.5 


46 
36 




" citrate . . . 




Manganese acetate 






1.0 


2V 


20 


Nearly colorless. 


" borate . . 






1.625 


2}i 


20 


Colorless and hard. 


sulphate 






172 


2 


40 


Colorless. 


" oxalate . 






1.64 


2 


40 


(( 


" acetate . 






0.5 


2 


20 


Deeply colored. 


•* borate . , 






0.5 


1 


20 


Colorless. 


" acetate 






0.5 


IX 


20 


(( 


" oxalate . 






1.5 


2/2 


36 


« 


" sulphate . 






1.5 


2}^ 


36 


i< 


" oxalate 






1.0 


2H 


48 


Yellow in color. 


" citrate . . 






1.5 


VA 


24 


Dark colored. 


«' tartrate . 






1.0 


2}i 


24 


Colorless. 


" formate . 






1.0 


1 


24 


Somewhat colored. 
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Small plates of glass were used for these tests. These were coated 
with a film of the oil, and were then placed in a light room to dry. The 
temperature of this room varied somewhat, but was commonly about 
70** F. during the day. Generally, from a dozen to twenty samples were 
tested at a time. The films were considered to be dry when they could 
be handled without leaving finger-marks upon them. The plates were 
examined at intervals of several hours, and only relative results as to 
the time of drying were expected. The chief points looked for were 
the color and hardness of the film. The results are given in brief in the 
foregoing table. 

Examination of the Boiled Oils. 

The analyses given below were made in the hope of throwing some 
light upon the relation between the quantity of dryer dissolved and the 
rate of hardening of the oil. 

For the determination of the lead the following method was used. 
A weighed amount of oil was carbonized in a small evaporating dish, 
and then ignited over a Bunsen lamp until all tlie carbon was burned 
off. The residue was digested with hot dilute nitric acid, and filtered. 
The lead was then precipitated as sulphate, with the usual precautions, 
and weighed. The following results were obtained. 



BoaedOfl. 


Qusintity of 
Dryer added. 


Per cent of Meullic Lead in the Boiled OO. 


Calcalated.> 


Foand. 


Lead carbonate 

Lead acetate 

Litharge 

Lead borate 


Grans. 
1.197 

1.466 

0.2 

1.105 


2.03 
2.23 
0.406 
2.03 


I. 

1.392 

1.396 
0.244 
0.982 


IL 
1.477 

1.338 
0.998 



From the drying tests it will be seen that the first two oils in the 
above table dried in nearly the same time, and gave very similar results. 

1 The quantities in this column are the calculated per cents of metallic lead which, the 
boiled oil would have contained if all the salt added to the raw oil had been dissolved in the 
boiled oil. But in no cases was the dryer entirely dissolved in the oil, a sediment of unde- 
composed salt of greater or less quantity always settling on the bottom of the bottles upon 
standing several days. Only the clear oil from the upper part of the bottle was used for 
these analyses. 
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But the third oil dried in half the time required for the fourth, although 
the latter contains more lead. 

In the determinations of manganese in the oils, the following method 
was used. The oil was weighed and charred in an evaporator. It 
was then ignited over a Bunsen lamp until all the carbon was burned 
off. The residue was digested with dilute hydrochloric acid and heated 
nearly to boiling, filtered, and neutralized with ammonia. Some am- 
monium chloride was then added, and then an excess of sodium phos- 
phate. The precipitate was filtered off, dissolved in hydrochloric acid, 
avoiding an excess of acid, and the solution heated to boiling. Ammo- 
nia was then slowly added to the boiling solution until a large excess 
was present. The precipitate was boiled, without filtering, for ten min- 
utes, to convert the phosphate of manganese to a scaly form, and was 
kept hot for about one hour longer. It was then filtered off, washed 
with dilute ammonia, ignited to the pyrophosphate, and weighed. The 
following results were obtained. 



B<»ledOU. 


Quantity of 
Dryer added. 


Per cent of Metallic Manganese in the Boiled Oils. 


Calculated.! 


Found. 


Manganese sulphate .... 

Manganese borate 

Manganese acetate .... 
Manganese oxalate .... 
Manganese tartrate .... 


Grains. 
1.72 

1.62 

0.5 

1.5 

1.5 


1.37 

2.06 

0.347 

1.034 

0.670 


I. 
.045 

.208 

.248 

.049 


II. 
.038 

.190 

.256 

.030 

.043 



From the drying tests it will be seen that the first and fourth oils 
above analyzed dried very slowly, while the last one, with about the 
same quantity of manganese, dried in about one half the time required 
for the first and fourth. 

Conclusions. 

Lead dryers always give the oil a deep color, which shows more or 
less in the film. 

Zinc dryers do not appear to act on the oil to any great degree, as 
oils thus prepared dry slowly and do not give very hard films. 

1 See note to the preceding table. 
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Manganese dryers give the best results in all respects. Litharge 
gives the best results of the lead dryers, the oil being quick-drying and 
the film hard, and, if not overheated, the oil is but moderately colored. 
Of the zinc salts, the acetate seemed to give the best result, although 
the borate and citrate were nearly as good. The borate and acetate 
of manganese gave the best results obtained. The acetate requires 
careful use, for, if heated much above 230*^, it gives a deep color to the 
oil, owing apparently to the formation of tar. The borate undoubt- 
edly gives the best boiled oil for all purposes. 

The oxalate is difficult to decompose, or at least has little or no 
action on the oil until a very high temperature is reached. In two ex- 
periments the quantities of borate and oxalate used and the tempera- 
tures of each were nearly the same, but the borate gave a good oil, 
while the oxalate did not. 

The chlorides, nitrates, and sulphates do not make good dryers. 
The first two have too violent an action on the oil, while the last are 
very difficult to decompose, requiring a high temperature. 

There appears to be no advantage in the use of formates, citrates, or 
tartrates. The first two are apt to produce much tar, and the last are 
difficult to decompose. 

No very definite conclusions can be drawn as to the relation between 
the quantity of dryer dissolved and the rate of drying of the oil. From 
the few analyses made there would appear to be some relation here ; 
but in two cases, lead borate and manganese tartrate, exceptions were 
found. The lead borate gave an oil drying much more slowly than was 
to be expected, while the manganese tartrate oil dried with comparative 
rapidity. The quantity of manganese dissolved appears to be much 
less than the quantity of lead taken from lead dryers. Two tenths of 
one per cent of manganese appears to give a good drying oil, while 
about one per cent of lead occurs in the best drying oils. 
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DATA AND PLOTS OF VARIOUS INCANDESCENT LAMPS, 
TOGETHER WITH AN IMPROVED METHOD OF 
TESTING.^ 

BY WM. L. PUFFER, Instructor in Physics. 

Since the appearance of the report of the Franklin Institute on in- 
candescent lamps, in 1885, there have been no published measurements 
either of the efficiency or of the distribution of light of the best known 
lamps now in the market. But the market lamps of to-day are much 
better than those of 1885, so much so, in fact, that the Franklin Insti- 
tute data, although very valuable as showing the state of the art in 1885, 
are of no especial value for use with the lamps now manufactured. 

The following data and curves have been calculated and plotted from 
the observations made by Messrs. Walter G. Whitmore and Edwin R. 
Pearson, class of 1887, Massachusetts Institute of Technology, who took 
as the subject of their graduating thesis " A Study of the Efficiency of 
Incandescent Lamps." The method used is substantially like that of 
the Franklin Institute, but I have changed and improved the method 
of plotting so that the five plots tell the distribution of light, shape of 
filament, and its position in regard to photometer, etc. This method of 
testing lamps is in regular use in the laboratory, with very satisfactory 
results. 

The standard of light used is a Methven screen which has been stan- 
dardized by comparison with many standard candles at different times 
and by different observers, and also with a Harcourt standard burner. 
The mean of a large number of observations agrees so closely with the 
maker's value of two candles, that this is assumed to be right within 
the limits of error of the photometer, and no correction is used. 

The photometer is a modified Bunsen, 100 inches long, graduated 
into inches and tenths by a dividing engine, and having also a scale of 
" ratios " which, when multiplied by the candle-power of the standard, 
give candle-powers directly. Both the standard burner and the lamp 
under test are thoroughly screened, so that little if any diffused light 

1 Reprinted from the Electrical Engineer, New York, January and February, 189a 
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reaches the eye of the observer. A key near the observer's hand and a 
lamp overhead furnish light when needed for reading. 

The lamp-holder is quite different from that used by the Franklin In- 
stitute, and will hold any of the lamps now in the market without dan- 
ger of straining. The socket with lamp under test is screwed on the end 
of a brass rod, which is free to slide or rotate in a sleeve fixed in the 
centre of and perpendicular to a disk of brass. Set screws are provided 
for clamping the rod in the sleeve. The disk is arranged on the bottom 
of a U-shaped strap in such a position that it can be turned, while the 
rod always remains parallel to the sides of the U and in the same plane. 
The disk has notches every five degrees, and the strap carries a locking 
pawl, which also serves as an index. 

The U-shaped strap is pivoted near the top in a frame, so as to have 
rotation about a horizontal axis; it also has a notched disk, and the 
frame a pawl and index. One arm of the U is longer than the other, 
and carries a movable counterweight. 

This apparatus is set with the horizontal axis perpendicular to the 
line of the photometer and on a level with the centre of the greased 
disk; the vertical circle being adjusted to read 0° when the lamp stands 
vertical with the socket underneath, then the horizontal disk is placed at 
o® and the rod carrying the lamp moved till the plane of the shanks is 
perpendicular to the line of the photometer and the horizontal axis cuts 
the filament midway of its length. This position of the lamp is called 
the " standard position," and the photometer reading for this position the 
" standard reading." By means of the horizontal circle any desired de- 
gree of longitude can be instantly turned towards the photometer, and, 
by the vertical circle, any degree of latitude. Flexible wires connected 
directly to the socket are used for current leads, and another set is 
used for measuring the potential at the lamp terminals. It is assumed 
that the socket and the lamp terminals will be of the same potential, 
except with very low resistance lamps, or with lamps requiring a large 
current 

Electrical measurements were made by a set of carefully calibrated 
Thomson's current and potential galvanometers, placed in a room free 
from magnetic disturbances, where the value of the earth's component 
had been determined. As the current taken by the potential galvano- 
meter bears a very sensible ratio to that in the lamp, the instrument is 
always kept in circuit and a correction is made for the current passing 
through it. An adjustable resistance in the lamp circuit enabled the 
observer to keep the potential at the right amount. The potential gal- 
vanometer used was adjusted for Rayleigh volts, and as the difference 



Digitized by 



Google 



20 Wfn, L. Puffer. 

between this and Legal volts is nearly within the limits of accuracy of 
the instrument no correction for reduction to the latter was made. It 
was assumed that the voltage marked on the lamps was in Legal volts, 
and that if the lamp changed its resistance while under test the volts 
must remain constant, and the current and candle-power allowed to 
vary. If any lamps were marked in terms of the B. A. volts, then they 
were tested at too high a voltage. 

When the lamp had been placed in the "standard position" and the 
potential adjusted, candle-power readings were taken at 65 different 
positions ; the value used for each position being the mean of three or 
four settings of the disk, according to the method used by the observer. 

The standard direction, to which all others are referred, is a line per- 
pendicular to the plane of the shanks of the filament and lying in the 
equator of the lamp. By equator is understood the line cut upon the 
glass globe of the lamp, when upright, by a horizontal plane half-way 
up the filament. Zero point, or 0°, is the starting point for measuring 
the angular rotation of the lamp, and is at the intersection of the stand- 
ard direction and the equator. 

Horizontal distribution is measured by candle-power readings at each 
30** around the equator, beginning and ending with 0°, or the '* stan- 
dard direction." Of these 13 c. p. readings, the first and last should, 
of course, check. 

Mean horizontal candle-power is the mean of the first 12 of these 
readings, the check reading being omitted. 

Vertical distribution is measured on each of four complete meridians, 
i. e. those of 0°, 45°, 90°, and 135°, on the equator. On each of these 
four circles candle-power readings are taken at every 30° (of latitude), 
beginning and ending with o**, thus giving 13 readings, the first and last 
of which should check. 

Standard reading is the mean of all readings in the direction of the 
zero point ("standard position"). It is an arbitrary position selected 
for convenience. By it and the "reduction factors" the candle-power 
(spherical or horizontal) may be determined under any given potential 
or current, at any subsequent time, by one reading. Great care should 
be taken in placing a lamp in this position, because in some lamps a 
very slight error would make a very considerable difference in the 
candle-power, and of course in the "factors." When a number of 
tests are to be made on any one type of lamp, it is preferable to select 
a point on the horizontal circle in that part of the curve where the rate 
of change of candle-power is very small, and so avoid error due to 
hasty or imperfect setting of the lamp for the standard reading. 
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Mean spherical candle-power is computed from 38 readings, selected 
from those described, with the aim of obtaining the average intensity of 
light in all directions. These readings are as follows : — 

Mean of 4 north pole readings (longitude 0®, 45°, 90^, 135°) counts . . 

Longitude 0°, Latitude 6(f, 120^, 240=*, 300°, giving 

120°, 240P, 300°, 

150P, 210°, 330°, 

150°, 210°, 330°, 

150°, 210°. 330°, " . 

150^, 210°, 330°, 

Equator, 12 readings (or mean horizontal X 12) counts 12 

South pole reading assumed zero and counts 1 

Total 38 

The values for these positions are selected, added, and divided by 38. 

Horizontal reduction factor is the mean horizontal candle-power di- 
vided by the standard reading. 

Spherical reduction factof is the mean spherical candle-power divided 
by the standard reading. 

The mean spherical candle-power divided by the mean horizontal 
candle-power gives a very useful factor, which is not so much affected 
as the *two above by a slight error in setting the lamp in the exact 
standard position. Inspection of the curve for the 70-volt Weston lamp 
will show that a very slight error would materially change both the 
horizontal and the spherical reduction factors, but would not alter the 
ratio of the two. Obviously the product of the standard reading taken 
at any time and the reduction factors will give the horizontal or spheri- 
cal candle-power without any other measurements. 

The method of plotting the results of a test on a lamp is thought to 
be an improvement on the Franklin Institute method, and is designed 
to show at a glance, — 

I. The distribution of light in five great circles. 2. The relative po- 
sition of the lamp filament to the photometer at the zero of each circle. 
3. The appearance of the filament as seen from the photometer disk at 
the zero of each circle. 4. The rated candle-power. 5. The mean 
spherical candle-power. 6. The mean horizontal candle-power. 7. A 
table of data. 

For example, take the 70-volt Weston lamp. This lamp has a zig- 
zag filament of rectangular section, twisted when mounted, which gives 
a very characteristic set of distribution curves. 

On the horizontal plot we see the photometer bar represented by the 
black line on the left, and in the centre is the horizontal projection of 
the filament at the zero position, " with the plane of the shanks perpen- 
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dicular to the line of the photometer bar/' and also a drawing of the 
filament as seen from the photometer disk at the zero of the circle. 
The curve shows that the light is greatest at about 150° and 330**, and 
weakest at about 60° and 240°; now, according to the Philadelphia 
method, we could not tell why this is so, but a glance at the projected 
filament (and also at the pictures of the filament seen at o**, 45**, 90^, 
and 13s®) shows that in one case the sides and in the other the edges 
of the corrugations correspond with the highest and lowest photometer 
readings. This plot also shows that the mean spherical candle-power 
is nearly equal to the mean horizontal, but that neither is up to the 
rating of 16 c. p. under any reasonable assumption that can be made 
as to the meaning of that term. The observed candle-powers are in- 
dicated by the figures written near the intersection of the curve and 
the radii, drawn 30*^ apart. 

The next plot shows the distribution of light in a vertical plane pass- 
ing through the zero of the horizontal circle. As before, the horizontal 
projection of the filament is seen in its position relative to the pho- 
tometer bar at the zero of the circle, and a drawing of the filament as 
seen from the photometer at the zero position. 

The next plot shows the distribution in a vertical plane "passing 
through 45° on the horizontal circle. The projection of the filament 
shows that the divided plate and lamp was turned 45° right-handedly, 
thus bringing the 45° position on the horizontal plot towards the pho- 
tometer. The diminished amount of light is due, as indicated by the 
sketch of the filament, to the presentation of the edges of the carbon 
to the photometer. The next two plots are taken in a similar way at 
90° and 135** respectively on the horizontal circle. 

The pictures of the filament were obtained by holding the lamp be- 
hind a plate of glass and before a bright lamp and tracing the shadow 
of the filament. The scale of plotting is, unless otherwise stated, 
0.1 inch per candle, and the filaments are drawn "life size." 

All of these lamps were bought, in the winter of 1886-87, of supply 
companies in Boston, out of stock, and presumably could not in any 
way be picked lamps. 

The Edison lamps had the copper-plated shanks, and are now (1889) 
known as the " old lamp." The Weston i lO-volt lamp is not now in 
the market, and I believe was on sale for only a short time after these 
were bought, an improved lamp taking its place. I do not know 
whether the 70-volt Weston lamp of the kind tested is in the market or 
not. The Thomson-Houston and Swan lamps appear similar to those 
now in the market, and are, as far as I know, the same. 
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1887. Labifs in Order of Efficiencies expressed in Terms of Watts per 
Horizontal Candle-power. 



Voltage. 



Rated 
candle-power. 



Watts per 
candle-power. 



Candles per 

electriod 
borae-power. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Swan 

Thomson-Houston 
« (I 

Swan 

t* 

it 

Edison 

Swan 

Thomson-Houston 

Swan 

« 

Weston . . . . 
Edison 



46 

52.6 

75 

92 

36 

46 
101 

92 
110 

38 

92 
110 

70 
101 
101 



16 
20 
16 
32 
8 
8 
32 
16 
16 
16 
10 
16 
16 
16 
10 



3.06 
3.18 
3.27 
3.44 
3.64 
3.67 
3.82 
3.90 
4.04 
4.05 
4.21 
4.36 
4.72 
4.84 
4.98 



244 
235 
228 
217 
205 
203 
195 
190 
185 
184 
177 
171 
158 
154 
150 



1887. Lamps in Order of EFFiciENaES expressed in Terms of Watts per 

Spherical Candle-power. 



Lamp. 



Voltage. 



Rated 
candle-power. 



Watts per 

spherical 

candle-power. 



Candles per 

electrical 
horse-power. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Swan 

Thomson-Houston 

M « 

Swan 

Edison 

Swan 

Thomson-Houston 
Weston . . . . 

Swan 

Weston . . . . 
Edison 



46 

52.6 

75 

92 

46 

36 
101 

38 

92 
110 

70 

92 
110 
101 
101 



16 
20 
16 
32 
8 
8 
32 
16 
16 
16 
16 
10 
16 
16 
10 



3.56 
3.91 
3.97 
4.03 
4.17 
4.27 
4.57 
4.70 
4.76 
4.95 
5.01 
5.30 
532 
6.00 
6.26 



209 
191 
188 
185 
179 
175 
163 
159 
157 
151 
149 
141 
140 
124 
119 
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1887 Lamps. Table showing Candle-power actually given out on the 
Horizontal Circle in Percentage of the Rated Candle-power. 



Lamp. 



Voltage. 



Rated 
candle-power. 



Percent. 



1 
2 
3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 



Edison 

Swan 

Edison 

i Thomson-Houston 
! Edison 

Swan 

Thomson- Houston 

Swan 

Weston . . . . 

Swan 

Swan 

Weston . . . . 

Swan 

Thomson-Houston 

Swan 



101 

46 
101 

52.6 
101 

92 

75 

36 

70 

92 

92 
110 

46 
110 

38 



32 
16 
10 
20 
16 
32 
16 

8 
16 
10 
16 
16 

8 
16 
16 



107 

105 

104 

103 

103 

102 

101 
97 
94.6 
90.3 
87.5 
863 
83.8 
80.4 
76.6 



1887 Lamps. Table showing Candle-power actually given out in Spherical 
Candle-power in Percentage of Rated Candle-power. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 



Lamp. 



Swan 

Edison 

Weston .... 

Swan 

Thomson-Houston 

M M 

Edison. . . . 

Swan 

Edison 

Swan 

it 

a 

Weston .... 

Swan 

Thomson-Houston 



Voltage. 



46 
101 

70 

92 

52.6 

75 
101 

36 
101 

46 

92 

92 
110 

38 
1:0 



Rated 
candle-power. 



16 
32 
16 
32 
20 
16 
16 

8 
10 

8 
16 
10 
16 
16 
16 



Per cent. 



89.9 
89.4 
89.1 
86.7 
84.0 
83.2 
82.9 
826 
82.5 
73.6 
71.8 
71.7 
68.5 
66.1 
656 
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Comparison op last four Tables, showing Position op Lamps when 
cx>mpar£d according to the methods. 



Lamp. 


Voltage. 


Rated 
candle- 
power. 


Watts per 

spherical 

cp. 


Watts per 

horizontal 

cp. 


Percent 

spherical 

cp. 


Percent 

horizontal 

cp. 


Swan 

Thomson-Houston . . . 

Swan 

M 
(( 

Edison 

Swan 

Thomson-Houston . . . 

Weston 

Swan 

Weston 

Edison 


46 

52.6 

75 

92 

46 

36 
101 

38 

92 
110 

70 

92 
110 
101 
101 


16 
20 
16 
32 
8 
8 
32 
16 
16 
16 
16 
10 
16 
16 
10 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


1 
2 
3 
4 
6 
5 
7 

10 

8 

9 

13 

11 

12 

14 

9 


1 

5 

6 

4 

10 

8 

2 

14 

11 

15 

3 

12 

13 

7 

9 


2 

4 
7 
6 
12 
8 
1 

15 
11 
14 
9 
10 
13 
5 
3 



A Study of these tables and plots will make it very evident that there 
IS no commonly accepted value of a candle-power, or, if there is, that 
different makers vary widely in their attempt to produce it. The ques- 
tion, "What is meant by a i6 c. p. incandescent lamp?" has not, I be- 
lieve, been settled by the courts, and until it is there will be endless 
dispute as to whether a given lamp is ** up to candle-power or not." 

For example, take the Edison lOi-volt i6 c. p. lamp; if we rate it 
by the light given off** on the face of the loop," i. e. the standard read- 
ing, it is evidently 13.00 c. p., but if we select a point 45° from this it is 
about 19.00 c. p.; if we try to do better and take the mean horizontal 
candle-power then it is 16.46 c. p., or if we wish to take the mean 
spherical candle-power we find it to be 13.25 c. p. The watts in all 
cases being 79.58, we can sell this lamp as either 7.71, 4.09, 4.84, 
or 6.00 watts per candle. 

It is, I think, commonly understood that the lamps of the Edison 
company are rated according to the following definition of a 16 c. p. 
lamp. A new 16 c. p. lamp will, when run at the number of Legal volts 
indicated by the number on its base, give out light which, at a point on 
the horizontal circle 45° from the shanks, will be equal to 16 standard 
candles. This one point is taken to represent the mean horizontal 
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candle-power. It will be. noticed that the Edison lamps tested come 
fairly close to this rating, and also that the other lamps do not, indicat- 
ing that the other makers do not understand a 16 c. p. lamp to be the 
same thing that the Edison company do. 

It would be a great advantage to all parties if some authoritative 
statement of what is meant by the candle-power of an incandescent lamp 
could be made, and thus settle at once the uncertainty now existing. 

Rogers Laboratory op Physics, 

Mass. Inst, of Technology, December, 1889. 
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Plate III. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Thomson-Houston, 52.6 volL 20 c. p. 

Mean standard reading = 21.00. 

Mean spherical c. p. sa 16.82. 

Spherical reduction £actor =b 0.801. 

Mean horizontal c. p. as 20.68. 

Horizontal reduction factor = 0.985. 

Mean sph. c p. -i- mean hor. c p. ss 0.813. 

Volts c= 52.61. 

Amperes =3 1.25a 

Watts = 65.76. 

Watts per mean sph. c. p. = 3.91. 

Watts per mean hor. c. p. <=> 3.18W 

Rated c. p. = full circle. 

Mean sph. c. p. as dotted circle. 

Mean hor. c. p. ss dashed circle. 

Section of filament as # 

Scale, 10 c. p. per inch. 

w. L. p. 

Full circle reduced from 3.2" to 2.5" in engraving, 
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Plate IV. — Data and Plots of Various Incandescent Lamps. 



Lamp.— Thomson- Houston, 75 volt. 16 c. p. 

Mean standard reading = 16 00. 

Mean spherical c. p. = 13.31. 

Spherical reduction factor = 0.832. 

Mean horizontal c p. = 16.18. 

Horizontal reduction factor =1.011. 

Mean sph. c. p. -r mean hor. c p. =» 0.823. 

Volts = 74-98. 

Amperes =. 0.705. 

Watts = 52.87. 

Watts per mean sph. c p. = 3.97- 

Watts per mean hor. c. p. ^ 3.27. 

Rated c. p. = full ciscle. 

Mean sph. c p. =» dotted circle. 

Mean hur. c p. = dashed circle. 

Secdon of filament «= • 

Scale, 10 c. p. per inch. 

w. L. P. 

Full circle reduced from 3.2" to 2.5" in engraving. 
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Plate V. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Thomson-Houston, no volt. i6 c p. 
Mean standard reading = 13.00. 
Mean spherical c. p. s=s 10.50. 
Spherical reduction factor =3 0.808. 
Mean horizontal c. p. = 12.86. 
Horizontal reduction factor = 0.990. 
Mean sph. c. p. -r mean hor. c. p. =a 0.816. 
Volts =a no I. 
Amperes = 0472. 



Watts = 51.96. 

Watts per mean sph. c p. s=s 4,95. 
Watts per mean hor. c. p. = 4.04. 
Rated c. p. ss full circle. 
Mean sph. c. p. ^ dotted circle. 
Mean hor. c. p. =» dashed circle. 
Section of filament = • 
Scale, 10 c. p. per inch. 

W. L. p. 



Full circle reduced from 3.2" to 2.5^' in engraving. 
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Plate VI. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Edison, loi volt. i6 c p. 
Mean standard reading =» 13.00. 
Mean spherical c. p. as 13.25. 
Spherical reduction factor = i.03. 
Mean horizontal c. p. = 16.46. 
Horizontal reduction factor = 1.27. 
Mean sph. c p. -r mean hor. c p. =» 0.805. 
Volts = 100 9. 
Amperes = 0.789. 
Watts « 79.58. 

Watts per mean sph. c. p. ss 6 00. 
Watts i>er mean hor. c. p. ss 4.84. 
Rated c. p. = full circle. 
Mean sph c. p. b= dotted circle. 
Mean hor. c p. &= dashed circle. 
Section of filament == ■ 
Scale, 10 c. p. per inch. 

w. L. P. 

FdU circle reduced from 3.2'' to 2.5'' in engraving. 
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Plate VII. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Swan, 38 volt. 16 c. p. 
Mean standard reading := 13.1a 
Mean spherical c. p. = 10.57. 
Spherical reduction factor = 0^37. 
Mean horizontal c. p. = 12 25. 
Horizontal reduction factor «= 0.937. 
Mean sph. c. p. -r mean hor. c. p. = 0.863. 
Volts = 38.05. 
Amperes =s 1.30. 
Watts = 49.65. 

Watts per mean sph. c. p. = 4.70. 
Watts per mean hor. c. p. => 4.05. 
Rated c. p. =a full circle. 
Mean sph. c. p. = dotted circle. 
Mean hor. a p. <» dashed circle. 
Section of filament =3 • 
Scale, 10 c. p. per inch. 

w. L. p. 

Full circle reduced from 3.2" to 2.5" in engraving. 
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Plate VIII. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Swan, 46 volt. 16 c. p. 
Mean standard reading = 15.54- 
Mean spherical c. p. = I4'3^' 
Spherical reduction £aictor = 0.925. 
Mean horizontal c p. s= 16.73. 
Horizontal reduction factor =3 1.077. 
Mean sph. c. p. -7- mean hor. c p. = 0.859. 

Volts = 45-99- 
Amperes = i.iij. 
Watts « 51.18. 

Watts per mean sph. c. p. = 3.56. 
Watts per mean hor. c p. = 3.06. 
Rated c p. = full circle. 
Mean sph. c. p. =» dotted circle. 
Mean hor. c.p. = dashed circle. 
Section of filament ss # 
Scale, 10 c. p. per inch. 

w. L. P. 

Full cirde reduced from 3.2" to 2.5" in engraving. 
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Plate IX. — Data and Plots of Various Incandescent Lamps. 



Lamp. — Swan, 92 volt. 16 c. p. 
Mean standard reading == 15*30. 
Mean spherical c. p. = 1 1 49. 
Spherical reduction factor =: 0.751. 
Mean horizontal c. p. =: 14.0a 
Horizontal reduction factor = 0.915. 
Mean sph. c. p. -r mean hor. c p. sa 0.821. 
Volts « 91.98. 
Amperes =: 0.594. 
Watts ■» 54.64. 

Watts per mean sph. c. p. = 476. 
Watts per mean hor. c. p. s= 3.90. 
Rated c. p. ea full circle. 
Mean sph. c. p. =: dotted circle. 
Mean hor. c. p. = dashed circle. 
Section of filament =3 • 

Scale 10 c p. per inch. • 
w. L. P. 

Full circle reduced from 3 2'' to 25" in engraving. 
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Study of the Errors of Different Types of Calorimeters, 37 



AN EXPERIMENTAL STUDY OF THE ERRORS OF 
DIFFERENT TYPES OF CALORIMETERS} 

BY CECIL H. PEABODY, Associate Professor op Steam Engineering, 
AND ARTHUR L. WILLISTON, S. B. 

This paper gives the results of some experiments on calorimeters for 
determining the moisture in steam, made by Mr. Williston in the labo- 
ratories of the Massachusetts Institute of Technology in the preparation 
of his graduation thesis. The object of the experiments was to deter- 
mine the nature, magnitude, and causes of errors in calorimeters of 
different types, and to find how to avoid them, or how to correct them 
if unavoidable. 

Four forms of calorimeters were used in the experiments : 
(i) a throttling calorimeter designed by the writers; 

(2) a Barrus continuous water calorimeter; 

(3) a Hoadley calorimeter; 

(4) a barrel calorimeter. 

The throttling calorimeter consists of a chamber, into which steam is 
admitted through a throttle valve, and from which it escapes through a 
larger valve. The steam is superheated by the throttling or wire-draw- 
ing, and its condition can be entirely determined by the temperature 
and pressure, which are taken by a thermometer and pressure gauge. 
The pressure of the steam in the main steam pipe from which the sam- 
ple is taken is also observed. The calorimeter and the pipe and valve 
leading to it are well wrapped with non-conducting material, to prevent 
radiation. If it be assumed that no heat is lost by the steam, the heat 
in one pound will be the same in the calorimeter as in the main steam 
pipe, and we have the equation 

xr + q^K^c,(t,^t,), (i) 

in which x is the part of one pound of fluid in the steam pipe that is 
steam, i — x being water; r is the heat of vaporization, and q the heat 
of the liquid at boiler pressure; \ is the total heat, and t the tempera- 
ture of saturated steam at the pressure in the calorimeter; /, is the 

1 Presented at the Twentieth Meeting of the American Society of Mechanical Engineers, 
New York, 1S89. 
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temperature of the superheated steam in the calorimeter; and c^ is the 
specific heat of superheated steam at constant pressure (0.48 nearly). 
From the equation (i), the values of x and i — x are readily found 
by the aid of a table of the properties of saturated steam. 

The Barrus calorimeter consists essentially of a straight vertical tube 
running through an open wooden bucket, and forming a small surface 
condenser. The condensed steam is collected at the bottom of the 
tube, cooled and weighed. The condensing water is let in so as to cir- 
culate round the tube, is then mixed and drawn off, and weighed sepa- 
rately. The pressure of the steam is observed, and the temperatures of 
the condensed water and of the cold and warm condensing water are 
taken. Let the weight of the condensed water be Wy and of the con- 
densing water W\ let r be the heat of vaporization, and q the heat of 
the liquid, of steam at the pressure in the supply pipe ; let q^ be the 
heat of the liquid at the temperature of the water resulting from the 
condensation of steam, collected at the bottom of the vertical tube 
before it is passed through the cooler, and let qi and q^ be the heats of 
the liquid corresponding to the initial and final temperatures of the 
condensing water. Then the quality of the steam, Xy and the amount 
of priming, i— ;r, may be calculated by the equation 

w(xr^- q — q^ = W(g^ — ^1) + ^, (2) 

in which e is the heat lost by external radiation, to be determined by a 
special experiment 

The Hoadley calorimeter is non-continuous, and consists of a surface 
condenser of thin copper to which steam is admitted, and in which it is 
collected, placed in a thin copper cylinder containing the condensing 
water, and thoroughly wrapped, lagged, and jacketed with eider-down 
and hair-felt in spaces formed by three concentric galvanized iron cylin- 
ders. Arrangements are made for stirring the condensing water and for 
taking the mean temperature. The calorimeter is placed on a spe- 
cial platform scale, so that weights may be taken of the calorimeter, 
( I ) when empty ; (2) when the cooling water is run in ; (3) when steam 
has been admitted, condensed, and collected in the surface condenser. 
The condensed water may also be drawn off and weighed separately, 
but not satisfactorily, as more or less water will adhere to the sides of 
the condenser. The equation given for this case is 

w{xr-\-q-g^) = {W + W^)(q,^q,) -h e, (3) 

in which w and W are the weights of the condensed steam and con- 
densing water, and W is the water equivalent of the copper forming 
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the condenser and calorimeter; r is the heat of vaporization, and q the 
heat of the liquid corresponding to the pressure of the sample of steam ; 
^1 and q^ are the initial and final temperatures of the cooling water; 
and e is the external radiation, while x is the quality of the steam, and 
I — X IS the amount of priming. 

The barrel calorimeter was a wooden barrel set on scales, with pipes 
and valves for supplying cold water and steam, and with a large valve 
for rapidly emptying the barrel at the end of a test. The temperature 
of the cold water was taken before it entered the barrel, and the correc- 
tion for radiation and the water equivalent of the barrel avoided by first 
filling the barrel with hot water, at about the temperature of the contents 
of the barrel at the end of the test, and then emptying rapidly and fill- 
ing with cold water for the test. The equation for this case, using the 
same notation as in the preceding equations, is 

w (jT r + ^ - ^j) = W{g^ - q^). (4) 

At the suggestion of the writer, the calorimeters were supplied with 
superheated steam, for which the condition could be known from the 
temperature and pressure, provided that Regnault's value of the spe- 
cific heat c, may be assumed to be true at all temperatures and pres- 
sures. In most of these tests the steam was superheated only a small 
amount to avoid uncertainty from this source. If X is the total heat 
and the temperature of saturated steam at the pressure in the supply 
pipe, and if f^ is the temperature of the superheated steam in that 
pipe, then equations (i), (2), (3), and (4) become 

>< + c,{t[^t) =X,H-^>(/,-./,), (5) 

tt'{(^-^3)H-oW-0} = ^(^2-^i)+^, (6) 

"'{C^-^.) + ^>('.-0} = {W+ »^')(^.-^i) + ^> (7) 



I. Throttling Calorimeter. 

The errors of this calorimeter are of two sorts, — those arising from 
inaccuracies of the thermometer or the gauge, which can be calculated, 
and those, like the error from radiation, which cannot be calculated. 

In the description previously given, it was pointed out that small in- 
accuracies of thermometer or gauge had slight effect on the indications 
of this calorimeter. Thus, at one hundred pounds* pressure absolute, an 
error of one pound in pressure giving apparently one hundred and one 
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pounds will make the priming appear to be from 0.02 to 0.03 of one per 
cent larger than it really is. At fifty pounds absolute the error may 
be twice as much. On the other hand, an error of one pound in the 
reading of the calorimeter gauge may give an error of 0.2 of one 
per cent when the pressure is five pounds absolute, and an error 
of 0.025 when the pressure is thirty-five pounds absolute. An error 
of one degree in the thermometer may give an error of 0.025 of one 
per cent. 

Two series of tests were made on this calorimeter, using superheated 
steam ; the first, for which the results are given in Table I., to deter- 
mine the effect of varying degrees of throttling and superheating, and 
the second, for which the results are given in Table II., to determine the 
effect of running varying amounts of steam through the calorimeter. 

Table I. — Throttling Calorimeter. 





Pressure ab- 
solute in 


Pressure ab- 
solute in 


Temperature 




Superheating 




Loss in 




supply pipe, 
pounds. 


pounds. 


F. in 
supply pipe. 


F. in 
calorimeter. 


in 
•upply pipe. 


in 
calorimeter. 


per pound of 
steam used. 


1 


80.2 


19.9 


316.2 


280.2 


4.2 


52 4 


2.6 


2 


80.6 


23.5 


317.4 


285.2 


5.4 


48.4 


2.5 


3 


80.3 


28.4 


318.0 


2881 


5.9 


40.9 


3.0 


4 


79.8 


32.7 


318.4 


290.5 


68 


35.3 


3.6 


5 


80.8 


37.5 


318.5 


2934 


6.0 


301 


3.4 


6 


87.4 


24.1 


3531 


3iao 


35.1 


100.0 


6.8 


7 


87.4 


29.2 


350.6 


342.0 


326 


93J 


8.0 


8 


87.2 


34.5 


350.1 


344.0 


323 


85.7 


7.4 


9 


87.2 


39.3 


UTO'O 


345.4 


31.0 


793 


7.5 



The first five tests were made with just enough superheating in the 
supply pipe to determine the quality of the steam, and with as nearly 
as possible the same quantity of steam flowing through the calorimeter 
per minute. 

The last four tests were made with a considerable amount of super- 
heating in the supply pipe, and with, also, a varying degree of throt- 
tling. The loss of heat per pound is about double that in the preceding 
set of tests, but this is due to the fact that less steam per minute was 
run through the calorimeter; the radiation, though larger, could not 
have been twice as great as in the preceding case. Each set of tests, 
considered by itself, shows that the effect of varying degrees of thro*^- 
tling has a very small influence on the result, the greatest variation in 
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the loss for either group being 1.2 thermal units, or about one tenth of 
one per cent. 

Table II. — Throttling Calorimeter. 



An examination of Table II. shows that the greatest error of this 
calorimeter comes from radiation, and that for small quantities of steam 
per hour, the error may be 2.2 per cent. But the table also shows 
that the error may be reduced to one tenth of one per cent by the 
simple expedient of running a sufficient quantity of steam per hour. 
For the calorimeter used, which was four inches in diameter and ten 
inches long, at least 120 pounds of steam per hour should be used. 
As the calorimeter has been made with a simple valve for admitting 
steam, there is no way of. knowing how much steam is used except by 
condensing and weighing it. In the future it is proposed that these 
calorimeters shall be provided with rounded orifices of suitable size for 
giving the proper quantity of steam per hour. The diameter of the 
orifice may be calculated with sufficient accuracy by the following 
formula given by Napier: 

70 

in which G is the flow of steam per second for the area F in square 
inches, and / is the absolute pressure above the orifice in pounds per 
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square inch. For the calorimeter used in these tests, the orifice should 
be about 0.2 of an inch in diameter. 

The greatest defect in this type of calorimeter has been shown to be 
that the steam will not be superheated by throttling if the priming is 
more than a certain per cent, depending on the pressure of the steam. 
This defect may perhaps be remedied by letting the steam flow through 
a priming box with provision for withdrawing and measuring the water 
that collects in it, from which box the steam can flow through an orifice 
to the superheating chamber. In such case the flow through the orifice 
must be determined by special experiment, as the tests on flow of 
steam presented at this meeting show that Napier's formula may be in 
error to the extent of two per cent 



2. The Barrus Calorimeter. 

With this type of calorimeter accurate instruments and a very con- 
siderable degree of care and skill are required, to give good results. 
Thus, an error of one hundredth of a degree F. in the temperature of 
the cooling water, whether cold or warm, will produce an error of one 
thirtieth of one per cent in the result. An error of one degree in the 
temperature of the condensed steam will affect the result by one tenth 
of one per cent It appears that a good thermometer will answer for 
the latter, but that for the former an exceptionally good thermometer 
must be used, and that changes of the freezing point are to be guarded 
against. An error in the steam pressure is not much more serious than 
for the throttling calorimeter. The greatest difficulty is in determin- 
ing the weight of the condensed steam and of the cooling water. An 
error of one hundredth of a pound in the determination of the con- 
densed steam will cause an error of one tenth of one per cent in the 
result in a test of twenty minutes' duration. A slight difference of level 
of the water in the glass water-gauge on the pipe draining the condens- 
ing pipe will make such a difference in weight, but this error is constant, 
and the per cent of error can be reduced by a longer test. Common 
platform scales are commonly used for weighing the condensing water, 
and they are liable to an error of half a pound, which for a test of 
twenty minutes will give an error of fifteen hundredths of a per cent 
in the result. 

In Table III. are given the data and results of tests, twenty minutes 
in duration, on a calorimeter of this type when supplied with super- 
heated steam. The small differences between the heat supplied and 
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the heat accounted for show that the calorimeter is capable of good 
work, and that it is not necessary to correct for radiation. 



Table III. — The Barrus Calorimeter. 
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3. The Hoadley Calorimeter. 

With this calorimeter, an error of one hundredth of a degree in the 
temperature of the condensing water will cause an error of 0.04 of one 
per cent in the result. An error of one pound in the weight of the con- 
densing water will cause an error in the result of 0.5 of one per cent, 
while an error of one tenth of a pound in the weight of the condensed 
steam may give an error of two per cent. The difficulty and uncer- 
tainty of drawing this water off, and of weighing it separately, is the 
most objectionable feature of this calorimeter. 

In testing this calorimeter with superheated steam, the supply was 
constant, and during the intervals of a series of tests, it was diverted 
into a condenser to dispose of it. The data and results of the tests are 
given in Table IV. The water equivalent of the copper forming the 
calorimeter and surface condenser was determined by Mr. Hoadley to 
be 17.2 pounds, and is included in the weights of condensing water 
given. 
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Table IV. — The Hoadley Calorimeter. 



•S 



72.3 
81.2 
70.1 
84.6 
763 
77.5 
76.5 
76.0 
76.5 
78.0 



I! 



337.1 
353.8 
333.0 
345.3 
344.8 
348.4 
346.6 
345.7 
346.0 
350.2 



54.44 
58.32 
59.74 
58.86 
62.03 
58.70 
59.41 
59.81 
59.40 
59.71 



If 

II 



78.60 
81.65 
85.56 
84.80 
79.22 
85.05 
83.21 
84.47 
90.20 
80.30 



II 



225.7 
227.0 
225.2 
224.0 
227.6 
224.6 
226.4 
224.5 
224.8 
2273 






4.30 
4.60 
5.10 
5.15 
3.40 
5.19 
4.75 
4.80 
6.05 
5.32 



^1 

0& 



22.15 
23.29 
25.78 
25.89 
17.16 
26.29 
23.75 
24.72 
30.72 
26.53 






II 



1155.2 
1149.7 
1139.5 
1130.0 
11453 
1139.9 
1132.0 
1150.1 
1139.8 
1135.7 



Hi's 

SI 
J1 



1143.8 
1147.4 
1135.2 
1139.5 
1146.0 
1141.8 
1142.9 
11413 
1135.5 
11413 



PQ 



-11.4 

- 23 
-43 
+ 9.5 
4- 0.7 
+ 1.9 
+10.9 
-8.8 

- 4.3 
+ 5.6 



-1.2 
-0.2 
-0.5 
+1.0 
+0.1 
+0.2 
+1.2 
-1.0 
-0.5 
+0.6 



4. Barrel Calorimeter. 

The tests given in Table V. were made on a barrel calorimeter for 
the sake of comparison with the tests on the calorimeters of other 
types. They were made with care, and may be considered to give the 
degree of accuracy attainable in engineering work. 

Table V. — Barrel Calorimeter. 



fi-a. 

If 



81.0 
73.7 
79.4 
77.0 
75.5 
76.2 



11 



351.9 
33a9 
347.6 
348.8 
345.2 
347.6 



It 

o-g. 

II 
S..S 



39.2 
32.7 
36.2 
39.5 
37.4 
39.1 



56.50 
56.43 
56.38 
56.42 
56.45 
56.49 



I- 



91.50 
91.20 
88.50 
88.95 
88.05 
90.40 



312.6 
311.8 
320.0 
325.9 
3173 
324.2 



-.1 
11 

•as 



9.5 
9.6 
9.1 
9.2 

a7 

9.5 



^.1 

II 



24.61 
24.54 
24.49 
24.53 
24.56 
24.60 






1143.0 
1122.8 
1127.4 
1146.7 
11503 
1154.8 






l\ 



1136.6 
1131.8 
1138.9 
11392 
1137.7 
1136.1 



-6.4 
+ 9.0 
+11.5 
-7.5 
-12.6 

-ia7 



-0.7 
+1.0 
+13 
-0.8 
-1.4 
-2.1 
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TKE DEVELOPMENT OF THE SYSTEM OF AMALGA- 
MATION OF GOLD ORES AT PRESENT IN USE IN 
THE MINING LABORATORY OF THE MASSACHU- 
SETTS INSTITUTE OF TECHNOLOGY. 

BY ROBERT H. RICHARDS, Professor op Mining and Metallurgy. 

In the winter of 1872-73 the little five-stamp battery, which had 
been obtained from the Union Iron Company of San Francisco as a 
part of the first equipment of the Mining Laboratory, was run on small 
lots of ore, severally from North Carolina, Georgia, Colorado, and New 
Hampshire. After each run, the plates, of ordinary sheet copper coated 
with mercury, were scraped to clean off the amalgam which had accu- 
mulated during the run, and were then supposed to be ready for the 
next lot of ore. 

After the last of the runs, the plates were scraped a second time, and 
more gold amalgam was obtained ; a third scraping still yielded gold, 
and it was evident that in these runs North Carolina ores had been cred- 
ited with Georgia gold, and Georgia ores with New Hampshire gold. 

Thus, at the outset, there loomed up the great difficulty which besets 
all laboratory experiments ; namely, the problem of how to make care- 
ful quantitative experiments with small-sized working machines. In 
1876 the first new experiment was tried. Instead of the ordinary thick 
copper plates, the thinnest to be found in the market, about ^ inch, 
were used ; after each run the entire set was dissolved in sulphuric acid, 
and the whole of the gold recovered. This entirely overcame the first 
difficulty, which may be called the overlapping error , but at the cost of 
much trouble and expense, and it led to another and possibly a worse 
difficulty ; namely, the error due to new plates, causing a great loss of 
gold in the tailings, and which has been called the new plate error. It 
is well known among mill men that a new copper plate, although coated 
with mercury, is not in the best condition to catch gold, and that a layer 
of gold amalgam must be formed before the plate can be considered at 
all reliable. In fact, no mine is willing to send ore to a mill which has 
just put in new plates ; so that in many places it is counted as one of 
the regular expenses of starting a new mill to run one hundred or more 
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tons of gold ore, in order to charge the plates, before taking in custom 
work. 

After many trials the method of preparing the plates with the addi- 
tion of silver amalgam was adopted. This has given means for over- 
coming all difficulties, and has made possible the testing of gold ores by 
the ton in an accurate and efficient manner. It would seem that the 
method as worked out in the laboratory was equally well suited to large 
mills, and therefore a somewhat detailed account may be of value. 

Soft copper plate ^ inch thick, of the size required, is scrubbed with 
sand, sal-ammoniac, quicklime, and mercury until it is plated. Dilute 
nitrate of mercury will plate the copper far more quickly, and with less 
trouble, but not so permanently, so deeply, or so thoroughly. If very 
obstinate spots are found, dilute nitrate of mercury may be used; and 
if this fails, a plumber's scraper will remove the spot. When thoroughly 
plated and washed clean, the plates are dried carefully with cotton bat- 
ting. Mercury is then sprinkled on through chamois skin, and dis- 
tributed with cotton. This will give the plates a brilliant, mirror-like 
surface, which will remain for several days if water is kept off them. 
The least addition of water will very soon bring out the yellow stain 
which is the enemy of the amalgamator. This yellow stain is prevented 
on old plates by the coating of gold amalgam which has formed on 
their surfaces. 

This difficulty, as well as the new plate error, is overcome in the 
mining laboratory method by the substitution of silver amalgam for 
gold amalgam. Silver amalgam is made by dissolving silver in nitric 
acid diluted with an equal weight of water, and then adding about ten 
times as much quicksilver as silver. The silver is all precipitated, mak- 
ing a pasty amalgam; the liquor, after standing over night, is then 
decanted, and the remaining amalgam washed thoroughly with water. 
If silver dollars are used, one will make amalgam enough to paint about 
four square feet of surface. This amalgam is dried and squeezed in 
chamois skin, to remove the excess of mercury, until it is of about the 
consistence of soft putty. It should then be applied dry to the bright 
plates with a flat hog*s-bristle paste-brush. The amalgamated plates 
should be allowed to drain for at least twelve hours, to avoid, as far as 
possible, the presence of free mercury on the plates during the run, as 
it is liable to flour and be lost. 

Silver amalgam is just as good a catcher of gold as gold amalgam, 
so far as we yet know. This layer of silver amalgam also overcomes 
the overlapping error, because the gold never comes to any considera- 
ble extent into contact with the copper plate; and hence, when the 
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plates are scraped off in the usual way, the silver amalgam practically 
carries with it the whole of the gold. Tlie first two cleanings up will be 
diluted with silver as a matter of course, but after this no such trouble 
will ensue. 

The Institute mill, at the time these investigations were made, was a 
five-stamp battery, with stamps weighing originally 55 pounds, 3i-inch 
face of shoe and die, 9^-inch drop, 88 drops per minute. It used about 
34 kilos of water per minute, and stamped through a screen punched 
with holes ^ inch in diameter. The discharge was on both sides, — 
that is, double issue. We amalgamated in the battery without battery 
plates. The plates were five in number; net length available for amal- 
gamation 5 feet 6 inches each, or a total length of 2^\ feet, and width 
of 10 inches. The plates sloped if inches to the foot, and never gave 
much trouble from settling sand. This is the minimum slope at which 
we should dare to place them; \\ inches to the foot would be a better 
slope. The mercury trap at the end of the plates was a kind of quick- 
sand apparatus, which allowed the mercury to discharge below as fast 
as it accumulated. 

When cleaning up, the battery amalgam was kept by itself, and that 

from each one of the five plates by itself. This enabled us to see when 

and where the amalgamation took place. The sand was separated by a 

spitzkasten apparatus into sand and slimes. The sand was concentrated, 

and yielded concentration and tailings. Assays were then made of the 

original ore, the residue in the battery, concentrations, tailings, and 

slimes. 

Tabular Statement of the Process. 



Ore, I* Amalgams, 



Mercury, 
Silver, 



Battery, 
1st plate, 
2d plate, 
3d plate, 
4th plate, 
jth plate, 
Mercury trap, 



Each parted by itself. 



Sand or spitz- 
kasten, 



Slimes, for chlorination or other treatment. 

Concentration for chlorination or other treatment. 



Sand on 
table, 



. Tailings, — waste. 



Pure mercury was used in the battery, and hence this lot when 
assayed gave us the fineness of the gold in the ore. 

Besides the above tests, a sample was always taken from the pulp as 
it came from the stamp-mill, and also as it came from the plates. 
These two samples were taken at the rate of \ litre (dipperful) every 
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fifteen minutes. They served to give additional testimony in regard to 
the working of the plates. 

Four tests were made ; two of them on a low-grade ore from New 
Hampshire ; the others on an ore from Nova Scotia, which was sent to 
us through the kindness of Mr. J. Fraser Torrance. 

I. The New Hampshire lot This was composed mostly of quartz, 
stained yellow with iron rust, having cavities from which the iron pyrites 
had been dissolved. It contained a small percentage of pyrites, but 
no gold that was visible as we examined the heap. This lot also con- 
tained some fine mica-schist, which was probably from the wall-rock. 

This lot of ore weighed 2021.6 kilos (4447.5 pounds). A sample of 
it yielded to fire assay ^4.14 in gold to the ton of 2,000 pounds, reckon- 
ing gold at ^20.67 per ounce troy. The total value, therefore, of the 
gold in this lot was 1^9.20. 

The yield of gold in the different parts of the process was as follows : — 

2021.6 kilos ore containing 99.200 

yielded products as follows : 

Gold immediately available. 

Battery amalgam $4,573 

1st plate " 2.694 

2d plate " .215 

3d plate " .180 

4th plate " • 099 

5th plate " .aSO 

Mercury trap amalgam .038 

7.849 
Gold recoverable from pyriles. 

Pyrites concentrations 74 kilos 0.421 

Residue left in battery 11.75 kilos 0.227 

01)48 
Gold lost in tailings, both the weight and the contents were obtained 

by difference, weight = 1935.85 kilos, containing 0.703 

«9.200 
The result of this experiment may be summed up as follows : — 

Per ton. 

Gold by fire assay $4.14 

Gold extracted by amalgamation 3.53 

or 85.2 per cent is saved by amalgamation. 

The poverty of the iron pyrites concentrations found by us corrobo- 
rates the conclusions arrived at by Professor Hitchcock, who says that 
he has universally found the gold in these mines to be in the quartz, 
and not intimately associated with the pyrites, as it is in some other 
localities. 

II. The second lot of ore was taken from the same heap as the last, 
but at a different time. The lot weighed 403 ^|^ kilos (888 pounds), 
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and assayed J4.14 per ton. When cleaned up, the different parts 
yielded gold as follows : — 

Battery amalgam $1,220 

1st plate 430 

2d plate 063 

3d plate 041 

4th plate 028 

5th plate 020 

Mercury trap .020 

Total yield f 1.822 

or ^4.10 per ton. 

According to the above assays the lot yielded to fire assay ^^4. 14, 
to amalgamation ^4.10 per ton, or 99 per cent of the gold was saved. 
This, of course, we cannot claim to have done ; we can only say that 
the method of valuing by fire assay is not fine enough to give the cents 
exactly on such low-grade ore. 

III. The third lot of ore was from Nova Scotia, and was composed 
of bluish-white quartz and blue slate. It contained a very little pyrites, 
arsenical pyrites, and galena. The gold sights, or visible lumps of gold, 
had all been picked out of this lot of ore ; and when it was crushed in 
a Blake's crusher to one cubic inch in size, it showed no gold. These 
sights, I should judge, may have amounted to as much as 1^5 or $6 for 
the lots Nos. III. and IV. inclusive. 

This lot, No. III., weighed 639.87 kilos (1407.7 pounds). No satis- 
factory valuation could be obtained from it, as the gold proved to be in 
such coarse condition. A sample of 48.45 kilos (106.6 pounds), when 
crushed and passed through a sieve having twelve holes to the linear 
inch, yielded : — 

Per too. 

Gold pellets on sieve $7.10 

Siftings, by fire assay ^ 7.23 

Total value ^1433 

After the ore was stamped and the mill cleaned up, the following 
figures were obtained from the different products. 

639.87 kilos of ore containing gold $10.0661 

yielded products as follows : 

Gold immediately available. 

Battery amalgam $9.1324 

1st and 2d plates amalgam, together 1389 

3d plate amalgam 0063 

4th plate " .0188 

5th plate •• 0048 

Mercury trap .0134 

9.3166 
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Cold recffuercMe from pyrites. 

Pyrites concentrations 9.9 kilos $0.1124 

Battery residue 7.05 kilos 0.0481 

«ai605 
Gold lost in tailings, both the weight and the contents obtained 

by difiEerence, weight = 622.92 kilos 0.6090 

1100661 

The amalgam from the battery was in large, coarse nuggets, attached 
together by liquid mercury. Scarcely any of this gold appeared to 
have made its way through the sieves. A very different result is 
shown in both the first and second lots of ore, where the gold was 
evidently fine, and therefore passed through quite freely, and more 
than one third was caught on the plates. 

It should be stated here that the lot marked No. II. was run after that 
marked No. III. By comparing the yields of the plates of No. I., No. 
III., and No. II., it will be readily seen how perfectly we have overcome 
the overlapping error. 

IV. A second portion of the above lot was stamped without the use 
of amalgam or amalgamated plates. This lot weighed 631.8 kilos 
(1390 pounds). When the battery residue was panned out, it yielded 
nuggets of gold valued at $8.24, or $11.85 P^r ton. The yields, there- 
fore, by the above tests were: by fire assay, of doubtful accuracy, 
$14.24; by stamping with amalgamation, $13.24; by stamping alone 
through ^-inch holes, ^11.85. 

It may not be amiss to sum up the principal precautions considered 
necessary by mill men, and confirmed by our experience. 

The amalgam on the plates should not be allowed to get too hard 
or too soft. If too hard, it may fail to catch the gold; if too soft, 
mercury will flour at the lower end of the plates. 

A quantity of mercury, varying from i to i J ounces, should be fed 
to the stamps for every ounce of gold contained in the ore under treat- 
ment. This mercury should be fed a little at a time every half-hour. 
If the plates are inclined to stain, a lump of cyanide of potassium held 
a moment on the spot will remove the yellow stain. Too free use of 
the cyanide will cause the amalgam to soften too much on the plates, 
and cause a loss at the lower end. 

Keith says, that if an ore contains ferrous or cupric sulphate (blue 
or green vitriol), as a result of oxidation of pyrites, and giving rise to 
the yellow stain on the plates, a little lime should be added along with 
the ore. This will precipitate the metals, forming harmless gypsum 
with the liberated sulphuric acid. 
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The use of oil about the mill should be restricted as much as pos- 
sible, as this, more than anything else, causes the yellow stain to come. 
If the cams are oiled with an oily rag on a stick every half-hour, the 
excess and dripping may be largely prevented. Molasses is sometimes 
used to lubricate the cams, but it is a poor lubricant. It does no harm 
to the amalgam. The cams should be wiped clean every day. 

Copper plates in the battery we are inclined to recommend strongly, 
although we have not used them ourselves, owing to the difficulty of 
making a quantitative experiment with them. 

The development of this method of testing gold ores is largely due 
to the energy and zeal of the several assistants in the Mining Laboratory 
during the eight years 1872 to 1880; namely, Messrs. William Foster, 
E. Faunce, B. P. Tilden, and R. W. Lodge, who, together with the 
students of the successive classes, spared no pains or trouble to make 
the laboratory methods a success. 
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THE FISHERY QUESTION. 

Part I. — THE NORTH AMERICAN FISHERIES, TO THE 
DISSOLUTION OF THE TREATY OF WASHINGTON. 

An Abstract prepared as a Class Exercise in International LaWy Fourth Year, 
Course IX., by John W. Linzee.* 

The fisheries of British North America have been a subject of 
international controversy from the commencement of the eighteenth 
century. Among European powers, France first availed herself of 
the riches to be found in the waters which washed the eastern shores 
of her possessions on the North American continent. France's ambi- 
tion received a great check in 1745 from the conquest of Louisburg 
by troops composed mainly of Massachusetts men. But by the Treaty 
of Aix-la-Chapelle, in 1748, this fortress on Cape Breton was restored 
to France. War again broke out in 1755, and Louisburg was again 
besieged by an army, under Lord Amherst; the fortress was con- 
quered, but the success was due in large measure to the fact that nearly 
one third of the effective men of Massachusetts were engaged in this 
expedition. By the Treaty of Utrecht, in 17 13, France had given up 
Newfoundland and Nova Scotia. By the Treaty of Paris, in 1763, she 
gave up all her possessions on the St. Lawrence and by the sea, retain- 
ing only St. Pierre and Miquelon. To these islets she has clung with 
great pertinacity. The privileges she obtained by the Treaty of Utrecht, 
of participating in the fisheries of Newfoundland, and of frequenting a 
limited range of coast for the purpose of prosecuting these fisheries, 
remain in force to the present day, with few modifications. 

No longer disturbed by the French fisherman, the colonists of New 
England prosecuted the fisheries with vigor and energy, but the 
industry was destined to receive a fatal blow from the home govern- 
ment. Parliament enforced the Navigation Laws, which effectually 
checked the export trade. The West India products were made 
dutiable in colonial ports, and the French again obtained virtual con- 
trol of the fisheries. But by evasions of the law, Massachusetts 
merchants were able, notwithstanding Parliamentary action, to keep 
the industry alive. The course of legislation from the accession of 

1 For list of authorities consulted, see page 60. 
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the Stuarts down to the Revolution was directed towards restraining 
and breaking down the commerce of the Colonies. Duties were 
imposed on rum, molasses, and sugar imported into the Colonies from 
West India islands other than British. This act was designed to 
destroy the colonial trade with the French, Dutch, and Spanish islands, 
whereby the products of the islands were exchanged for fish. In 1775 
the final blow came. Parliament determined to starve the colonists 
into submission. A bill was agreed to, to restrain the trade and com- 
merce of the New England Provinces to England, Ireland, and the 
British islands in the West Indies, and to prevent any fisheries on 
the Banks of Newfoundland. Furthermore, encouragement should be 
given the fisheries of Great Britain and Ireland at America's expense. 
This aroused the colonists, and thus we see how large a place in their 
estimation the fisheries occupied, and how the latter figured among 
the causes which led to the Revolution. 

The treaty of September 3, 1783, by which our independence was 
acknowledged, conceded to the people of the United States ** the liberty 
to enjoy unmolested the right to' take fish of every kind on the Grand 
Bank and on all the other Banks of Newfoundland, also in the Gulf 
of St. Lawrence, and at all other places in the sea where the inhab- 
itants of both countries used at any time to fish heretofore ; and also 
that the inhabitants of the United States shall have liberty to take fish 
of every kind on such part of the coast of Newfoundland as British 
fishermen shall use (but not to dry or cure the same on that island) ; 
and also on the coasts, bays, and creeks, and all other of His Majesty's 
dominions in America; and that the American fishermen shall have 
liberty to dry and cure fish in any of the unsettled bays, harbors, and 
creeks of Nova Scotia, Magdalen Islands, and Labrador, so long as 
the same shall remain unsettled ; but so soon as the same, or either of 
them, shall be settled, it shall not be lawful for the said fishermen 
to dry or cure fish at such settlement without a previous agreement 
for that purpose with the inhabitants, proprietors, or possessors of the 
ground." 

Between the signing of this treaty and the war of 1 8 12, the British 
population along the shores of New Brunswick and Nova Scotia 
increased, and their fishing interests, enjoyed in common with the 
Americans, also greatly increased. Great Britain considered that, in 
accordance with the rules of international law, the liberty to fish 
granted by the treaty of 1783 naturally terminated by the war, and 
refused to grant Americans, gratuitously, the privilege they formerly 
enjoyed, and at the same time declined to consider the claim set up 
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by the United States government of " an immemorial and prospective 
right to the fisheries." No understanding was reached during the 
negotiations which ended in the Treaty of Ghent, in 1814, because 
of the untenable demands of the American Commissioners ; and the 
officers of the English fleet in British waters were ordered not to 
interfere with American fishermen on the Banks of Newfoundland, in 
the Gulf of St. Lawrence, or on the high seas, but to exclude them 
from the harbors, bays, and creeks of all his Majesty's possessions. 
Some Americans who trespassed in British waters were seized, and the 
United States was finally forced to settle amicably a question which 
might at any moment lead to difficulties between the two countries. 
The result was a Convention between England and the United States, 
in which the rights of the two nations were clearly defined. These 
were, that the United States should have forever, in common with 
British subjects, the right to take and cure fish on certain parts of 
Newfoundland and. Labrador, and on the coast of the Magdalen 
Islands, under a few restrictions respecting which no serious differ- 
ences had arisen. The United States renounced forever the liberty 
formerly enjoyed or claimed by her inhabitants to take, dry, or cure 
fish on or within three marine miles of any of the coasts, bays, creeks, 
or harbors of British America, not included within the limits before 
mentioned, and the whole controversy in past years between England 
(representing the Dominion of Canada and Newfoundland) and the 
United States has been on the true effect of the renunciation, on the 
part of the latter, of this liberty. To the above, conditions were 
added, that American fishermen shall be permitted to enter such 
bays, etc., for the purpose of shelter and of repairing damages therein, 
of purchasing wood and of obtaining water, and for no other purpose 
whatever. The proviso as at first drafted contained, in addition to the 
privileges of obtaining shelter, wood, and water, the words " and bait" 
"This the American Commissioners consented to omit, in order to 
obtain as great an area for in-shore fishing as possible, thus sacrificing 
what has proved of greater importance." The treaty was made espe- 
cially with reference to cod-fishing. It was concluded in the year 181 8. 
American fishermen frequented the Grand Banks, and entered the bays 
and harbors of Newfoundland for repairs and bait, and questions have 
arisen as to the value of these privileges within her territorial limits. 
Other fishing grounds are the Bay of Chaleur, the coast of Cape Breton 
and of Prince Edward Island, and the Bay of Fundy; the last being, 
with the Gulf of St. Lawrence, the fishing ground so much valued by 
the fishermen of New England. 
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" Trouble soon grew out of the different interpretations of the treaty 
of 1 81 8. American vessels were seized while engaged in fishing in 
the Bay of Fundy when more than three marine miles from shore. 
The United States government understood the phrase 'three marine 
miles from the coast ' to mean from the coast following all sinuosities. 
But the English government claimed that it was from a line drawn 
from headland to headland." ^ The latter view, as advocated by most 
European authorities on international law, was unpalatable to us, since 
it shut Americans out from the Bays of Chaleur and Fundy and the Gulf 
of St. Lawrence, where the most important fishing exists. The well 
known authorities, Wheaton and Chancellor Kent, do not support the 
contention of the United States. 

The American view was first advanced in 1824, when the United 
States complained of interference with their fishing rights. The seizure 
of vessels continued until, on the loth of March, 1845, Lord Aberdeen 
announced to Mr. Everett, who was our Envoy to the Court of St. 
James, that, while the British government did not admit the American 
construction or abandon its own, yet, out of considerations of courtesy, 
it would grant to American fishermen the right to fish in the Bay of 
Fundy " outside of three marine miles." This Mr. Everett refused 
to accept, as it would place his government in a false position to take 
as a mere favor that for which they had so long conteoded as due 
them from the Convention. 

For more than six years our diplomatic correspondence does not 
mention the fisheries. But between the years 1847 and 185 1 overtures 
were made to the United States for a free interchange of natural 
products "of the British Colonies and the United States by treaty 
stipulation or legislation." Canada passed an act having this object 
in view, in 1847, ^o become operative when the United States should 
adopt a similar measure. But Congress refused to pass such a law, 
although persistently urged at three successive sessions. These prop- 
ositions were closely followed by others from the British Minister at 
Washington for reciprocal trade, either through negotiations or mu- 
tual legislation. The President in 1851 informed Congress of the terms 
offered by her Britannic Majesty's government, which were, if the 
United States would admit " all fish, either cured or fresh, imported 
from the British North American possessions in vessels of any nation 
or description, free of duty, and upon terms in all respects of equality 
with fish imported by citizens of the United States," her Majesty's 
government would " throw open to the fishermen of the United States 

1 Elliott, p. 61. 
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the fisheries in the waters of the British North American Colonies, with 
permission to those fishermen to land on the coasts of those Colonies 
for the purpose of drying their nets and curing their fish, provided 
that, in so doing, they do not interfere with the owners of private 
property or with the operations of British fishermen." Meanwhile the 
Provinces had sent several fast-sailing vessels to protect the fish- 
eries, while her Majesty's ministers promised a small naval force. It 
seemed from the above proposals and display that England intended 
to compel the United States to legislate under duress. To this our 
country was not likely to submit. Besides, the treaty was now thirty 
years old, and it recognized clearly the right of Americans to fish at a 
distance of three miles from any shore. Mr. Rusk argued that the 
object of the naval force was to bring about a reciprocity treaty, and 
that the domineering spirit of England ought to be met promptly. 
His resolution passed the Senate on the 23d of July, and a frigate was 
sent to protect American fishermen under the Convention of 18 18. 

In 1852, a commission sat in London to settle various claims, among 
which was one for indemnity for the seizure of the " Washington " in 
the Bay of Fundy. The commissioners disagreed, but the umpire, 
Mr. Joshua Bates, a member of the banking-house of Baring Brothers, 
decided that, since the Bay of Fundy was bounded by American ter- 
ritory at its mouth, it was not a British bay, within the meaning of 
the treaty, and that it was open to the American fishermen. This 
was an important gain for us. 

*'The Canadian fishermen found it difficult to compete against the 
American system of bounties, and the right to a free participation in 
the American market became an object of prime importance. Mod- 
ifications in the United States revenue laws were opposed, on the 
ground that Canadian fish already monopolized the export trade," but 
in January, 1853, the United States consented to negotiate on the sub- 
ject of their commercial relations with the British Empire ; and Cana- 
dians were anxious that these deliberations should secure more extended 
markets for the productions of British America. 

The negotiations resulted in the Reciprocity Treaty of 1854, drawn 
up at Washington by Lord Elgin and Secretary Marcy. By this 
treaty American fishermen gained fishing rights analogous to those 
they enjoyed under the treaty of 1783, while the Canadians obtained 
a market for their natural products free of duty. United States fish- 
ermen could fish on Canadian coasts without any restrictions as to dis- 
tance; also certain natural products of the two countries, like fish, 
coal, meal, lumber, and salt, were allowed to enter into each free of 
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duty. This treaty seems to have been of benefit to both countries. 
It settled an ever present cause of irritation, and opened a large and 
increasing market for the export trade of British North America, 
while Americans prosecuted one of their great industries to great 
advantage. From an English point of view, this treaty was consid- 
ered to have given the United States additional buyers for their pro- 
ducts and manufactures. Besides, the maritime Provinces considered 
the concessions made to them inadequate compensation for the fish- 
eries of British North America; for the Americans, by their greater 
enterprise and the superiority of their vessels, practically beat the British 
fishermen in their own waters, and derived advantages beyond any 
granted by the United States. Again, from the national point of view 
of an Englishman, this treaty had its dangers, in enticing thousands of 
enterprising youths of the Provinces into the fishing fleet of New Eng- 
land, and in making the commerce of the maritime Provinces largely 
dependent on the United States. In those days the Provinces were 
isolated from one another, and a political union between them seemed 
still far off. While the treaty lasted, the balance of trade with re- 
spect to manufactured goods amounted to $18,000,000 in favor of the 
United States. 

From the standpoint of the United States, American fishermen 
were not satisfied with thus contributing towards building up the 
business of their competitors at the expense of their own interests ; for 
it was asserted that the Canadian fishery interests now had a period 
of unexampled prosperity. It soon became evident that the loss of 
revenue from the remission of duty on Canadian importations far ex- 
ceeded the value of the fishing rights conceded to American fisher- 
men. It was contended that the Canadian fishermen, by reason of their 
proximity to the fishing ground and the cheapness of labor and ma- 
terial for building boats, were enabled to compete with the American 
fishermen to such an extent as to render their business unprofitable. 
This treaty terminated in March, 1865, in pursuance of notice given by 
the United States one year before. The action of the Washington 
government was hastened by the desire that generally prevailed in 
the United States to punish the Provinces for the sympathy the ma- 
jority of them were believed to have extended to the South during 
the War of Secession. 

The Convention of 1818 was again in force, but the British govern- 
ment did not insist on its construction of that treaty. The Canadian 
government now began to issue licenses permitting American fisher- 
men to use the in-shore waters. But the importance of the in-shore 
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fishing to us had so decreased, that, after a trial of three years, it was 
announced that licenses would be stopped, the plan proving a failure. 
At about this period, 1868, several Provinces were consolidated into 
the Dominion of Canada, in consequence of which the Canadian Par- 
liament acquired jurisdiction over the sea-coast fisheries. An act 
was passed by this Parliament in 1868, the principal provisions of 
which were : — 

I. The government may grant licenses to fish within three miles 
of the coast. 2. Any one of a number of specified officers may go 
on board of any vessel within any harbor of Canada, or hovering 
within three marine miles of any of the coasts, bays, creeks, or har- 
bors in Canada, and stay on board as long as she may remain within 
such place or distance. 3. If such vessel shall remain in such har- 
bors for twenty-four hours after she has received notice to quit, the 
officer may bring her into port and search her cargo ; also the master 
shall forfeit $400, if he answer wrongly questions put to him; also, 
if he be found fishing within such limits without a license, the vessel, 
stores, and cargo shall be forfeited. 

The Treaty of Washington. 

"On the 8th of January, 1870, the Governor of Canada issued an 
order, that henceforth all foreign fishermen shall be prevented from 
fishing in the Canadian waters." This was considered such a gross 
violation of the treaty then in force that the Secretary of State re- 
quested its modification from the British Minister. These negotiations 
resulted in the Treaty of Washington, in 1871. This treaty revived the 
reciprocity treaty of 1854, but British fishermen were allowed to fish in 
American waters down to the thirty-ninth parallel, and it was stipu- 
lated that " fish oil and fish of all kinds being the produce of the fish- 
eries of the United States, or of the Dominion of Canada, or of Prince 
Edward Island, shall be admitted into each country, respectively, free 
of duty." " During the negotiations that led to the Treaty of Wash- 
ington, the United States offered one million of dollars for the in- 
shore fisheries in perpetuity, not because they were of that value, but 
in order to avoid future inconvenience and annoyance." The British 
government, on their side, asserted that the privileges granted to the 
citizens of the United States were of greater value than those ac- 
corded to ihe citizens of Great Britain ; hence it was provided in the 
treaty that a Commission should be appointed to determine the value 
of these additional privileges. The treaty stated that one of the Com- 
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missioners should be appointed by the President of the United States, 
one by her Britannic Majesty, and the third conjointly, and in case 
the third Commissioner should not have been named within a period 
of three months from the date when the treaty took effect, then the 
third Commissioner should be named by the representative at Lon- 
don of his Majesty the Emperor of Austria and King of Hungary. 
This latter clause showed carelessness on the part of the United States, 
for only a few years previously a member of the house of Habsburg 
had lost his life in Mexico through the support given the government 
of President Juarez by the United States. Great Britain recognized 
this mistake, and was swift to take advantage of it " She determined 
from the first that no third Commissioner should be chosen within 
the three months, and so resorted to all plausible means to delay 
the negotiations," and she succeeded. For at the appointed time the 
Austrian Minister appointed M. Delfosse, the Belgian Minister, who 
of course was well inclined to England, since Belgium owed its polit- 
ical existence to Great Britain. The Commissioners met at Halifax, 
and the United States was adjudged to pay $5,500,000 for the use of 
the fishing privileges for twelve years. 

There were two peculiar features about this award, viz. : — i . That 
the award was made by two Commissioners, when it should have 
been unanimous. 2. That the amount was exorbitant. "The customs 
receipts for the four full years from 1873 to 1877 showed that the 
United States had remitted duties on fish amounting to three hun- 
dred and fifty thousand dollars a year, and when that was added to 
the award it was equivalent to almost ten million dollars for the use 
of the in-shore fisheries for twelve years, while they were not worth 
more than twenty-five thousand dollars a year." Notwithstanding these 
facts, the Senate Committee on Foreign Relations recommended the 
payment of the award, if Great Britain was willing to accept it. In the 
interval between the signing of the treaty and the payment of the award, 
new methods of catching mackerel had still further reduced the value 
to us of the Canadian in-shore fisheries. Consequently, it is not to 
be wondered at that the treaty gradually became unpalatable to the 
United States, so that, in pursuance of instructions from Congress, 
the President gave the required notice of the desire of the United 
States to terminate the Fishery Articles of the Treaty of Washington, 
which subsequently came to an end on the ist of July, 1885. 

The Convention of 18 18 should have once more governed the rela- 
tions of the two countries, but the termination of the treaty fell in 
the midst of the fishing season, so that the treaty remained in force 



Digitized by 



Google 



6o 



John IV. Linzee, 



during the remainder of the season, on the understanding that the 
President should recommend to Congress, at its next session, a joint 
Commission by the two governments. 

The following diagram gives an idea of the rights and liberties to 
which citizens of the United States are entitled in the northeastern 
fisheries under the 

Treaty of i8i8.* 



Rights of 
American 
Fishermen. 



Of Fishing. 



Other than 
Fishing. 



In the deep sea. 

. On the southern coast of Newfound- 
land, from Cape Ray to the Rameau 
Islands. 
. On the western and northern coasts of 
Newfoundland, from Cape Ray to the 
In Quirpon Islands. 

Territo- 3. On the southern shores of the Magda- 

rial len Islands. 

Waters. 4. On the coast, bays, harbors, and creeks, 
from Mount Joly on the southern 
coast of Labrador to and through 
the Strait of Belleisle, and thence 
northwardly indefinitely along the 
coast. 

To dry and cure fish in any of the unsettled bays, 
harl>ors, and creeks of the southern part of the 
coast of Newfoundland described, and of the coast 
of Labrador, while unsettled, after which the con- 
sent of the inhabitants, proprietors, or possessors 
of the ground must be obtained. 

To enter all bays and harbors for the purpose of 
shelter, repairing damages, and procuring wood 
and water. 



Rights 
renounced. 



Rights claimed 

but denied by 

Canada. 



Any liberty heretofore enjoyed or claimed to take, dry, or cure fish on 
or within three marme miles of any of the coasts, bays, creeks, 
or harbors not included in the above mentioned limits. 



To purchase bait and other supplies. 

To land and trans-ship fish. 

To enter bays and harbors to prepare fish, and to clean and pack 

fish. 
The commercial privileges of traders. 
To navigate the Gut of Canso. 



References. 

C. B. Elliott, The United States and Northeastern Fisheries. Univ. of Minnesota, 1887. 
The Westminster Review. Vol. CXXIX. pp. 82-100. 

Senate Committee on Foreign Relations. Edmunds's Report and Appendices, 1887. 
Wharton, Digest of International Law. Vols. II. and III. 

1 Elliott, p. 104- 



Digitized by 



Google 



Determination of Silica in Silicates by Fusion. 6i 



SOME POINTS IN THE DETERMINATION OF SILICA 
IN SILICATES BY FUSION WITH ALKALINE CAR- 
BONATES. 

BY JAMES P. GILBERT, S. B. 

The usual method of determining silica in silicates — that of fusion 
with the alkaline carbonates, decomposition with hydrochloric acid, and 
subsequent evaporation to dryness — does not always give satisfactory 
results. This method is universally described in the text-books as 
being accurate, with the occasional caution that the filtrate should 
also be examined for any silica which may not have been rendered 
insoluble by evaporation to dryness. But one looks in vain for any 
intimation of what may be the amount of the error, in the determina- 
tion of silica as usually carried out, if one neglects to examine the 
filtrate. There is no doubt that many chemists have had trouble 
with this method, and some have given it up, preferring to volatilize 
the silica with hydrofluoric and sulphuric acids, and, after a careful 
analysis of the residue, to calculate the silica by difference. A re- 
cent writer^ makes the statement that he has never been able to 
obtain more than 97.5 per cent of the total silica in highly siliceous 
bodies by the fusion method. The following work was undertaken in 
the hope of discovering some of the sources of error in the fusion 
process. 

The influence of the temperature at which the silica is dehydrated 
was first investigated. Most authorities say that evaporation on the 
water bath to complete dryness, or until no more hydrochloric acid 
is given off, is sufficient to dehydrate the silica, but a few recommend 
subsequent heating in an air-chamber to a temperature of 110*' C. A 
higher temperature than 1 10° C. is said by Fresenius to be inadmissible, 
since there is liability of the silica recombining with the bases present 
to form silicates partially decomposable with hydrochloric acid. 

To test the influence of temperature on the amount of silica obtained, 
the following determinations of silica were made in a blast-furnace slag 
containing about 46 per cent of lime, 10 per cent of alumina, and less 
than one per cent of magnesia. The silica was dehydrated at various 

1 George Craig: Chem. News, Vol. LX. No. 1563. 
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temperatures, but in all other respects the process was carried out 
exactly as Fresenius directs. What is generally called silica, that is, 
the mass insoluble in hot hydrochloric acid after evaporation to dry- 
ness, is given in Column I. of the following table. This was treated 
with hydrofluoric acid and the weight of the residue is given in Col- 
umn II. In the filtrate from the silica the alumina was precipitated 
by ammonia, dried, ignited, and then fused with potassium bisulphate. 
The residue left on treating the fused mass with water, (and correcting 
for the impurities of the bisulphate used,) is given in Column III. 
The total silica in Column IV. is calculated by subtracting the weight 
of the residue left after treatment with hydrofluoric acid from the 
weight of the silica as given in Column I., and adding that found with 
the alumina in Column III. 

Table I. — Analyses of Blast-furnace Slag (containing 46 per cent Lime) 
BY Fusion wrrn Alkaline Carbonates. 



Nos. I to 3 inclusive were dehydrated on the water bath. 
Nos. 4 to 6 inclusive were dehydrated at 125° C. 
Nos. 7 to 9 inclusive were dehydrated on iron plate over Bunsen 
burner. 

Nos. 10 to 15 inclusive were dehydrated in air-chamber at 280° C. 
All evaporations were made in porcelain. 
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In this series of results it will be seen that the silica was practically 
all rendered insoluble even at the temperature of the water bath, and 
that there was no gain in this respect in using a higher temperature. 
But the amount of foreign matter in the silica was, in general, percepti- 
bly higher at the higher temperature of dehydration. This is probably 
due to the alumina being rendered partially insoluble in acid. From 
the fact that very little silica was found in the alumina, it would seem 
as if there were no tendency for the silica to recombine with the lime 
and alumina even at a temperature of 280° C. Nos. 13, 14, and 15 
were digested, after dehydration, with hot acid for one hour, in the 
expectation of dissolving out all the alumina and other bases, but this 
treatment did not give smaller residues, after the volatilization of the 
silica with hydrofluoric acid, than in Nos. 10, 11, and 12, which were 
treated only thirty minutes with acid. 

The general uniformity of the results in this series suggested the 
possible influence of the calcium chloride present in dehydrating the 
silica on evaporation to dryness. This led to the second point con- 

Table II. — Analyses of a Blast-furnace Slag (containing 35 per cent 
Lime and 15 per cent Magnesia). 



Nos. I to 3 inclusive v^ere dehydrated on the water bath. 
Nos. 4 to 6 inclusive were dehydrated at 120^ C. 
Nos. 7 to 9 inclusive were dehydrated on iron plate, over Bunsen 
burner. 

Nos. 10 to 12 inclusive were dehydrated at 280® C. 
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sidered, namely, the influence of the salts present on the determination 
of silica. It is not unreasonable to suppose that some salts, such as 
calcium chloride, may have a beneficial influence, while others, as, for 
example, magnesium chloride, which is decomposed when its solution 
is evaporated, may vitiate the silica determination by forming a silicate 
which will be subsequently decomposed by hydrochloric acid with solu- 
tion of the silica. To test the effect of magnesium chloride determina- 
tions of silica were made in a slag containing about 35 per cent of lime, 
15 per cent of magnesia, and 15 per cent of alumina. (See Table II.) 

This series differs from the first mainly in the large amount of impu- 
rity in the silica and the large amount of silica in the alumina when the 
dehydration is effected at a temperature of 280° C. The best results 
were obtained at a temperature of 120° C. The increase of silica in the 
alumina as the temperature is increased would seem to be due to the 
magnesia, for the conditions were, in all other respects, the same as in 
the analyses of the other slag. The above results indicate that there is 
no danger of the silica combining with the magnesia at 120° C, and that 
at this temperature the silica is almost completely dehydrated, the cal- 
cium chloride probably assisting in the dehydration. 

A series of analyses was next made on orthoclase, practically free 
from lime and magnesia. 

Tabi^ III. — Analyses of a Sample of Orthoclase. 
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Nos. I and 2 were dehydrated on the water bath. 

Nos. 3 and 4 were dehydrated at 120° C. 

Nos. 5 and 6 were dehydrated on iron plate over Bunsen burner. 

Nos. 7 and 8 were dehydrated at 280° C. 
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This series differs from the previous one in that the higher tempera- 
ture is not accompanied with an increased amount of silica in the fil- 
trate. This would seem to be a confirmation of the idea that there 
was a recombination of the silica and the magnesia at the temperature 
of 280° C. in the magnesia slag ; and the fact that the amounts of silica 
found in the alumina are (with one exception) uniformly higher than 
those in the lime slag indicates, I think, the beneficial effect of the cal- 
cium chloride in the dehydration of the silica. 

The third point considered was the influence of temperature on the 
dehydration of the silica when no bases other than the alkalies were 
present. From the last three series of analyses it would seem that 
some silica always fails to be rendered insoluble by heat alone, so that, 
if a definite amount of pure silica were taken and subjected to alternate 
fusions and dehydrations, we should expect that the amount of silica 
obtained would diminish at each successive treatment. To ascertain if 
this were so, two determinations of silica were made in the lime slag, 
and the silica thus obtained repeatedly treated by fusion with alkaline 
carbonates in the usual way. The per cent of silica recovered in each 
case is given below. The silica obtained from the slag by the first fu- 
sion and dehydration is taken as 100 per cent. 



Silica in slag obtained by heating 
to280PC. 

Percentage of the above obtained 
in four successive fusions by 
heating to 120PC. 

The large difference between the results of the first and second 
fusions is probably due to impurities in the silica, which was heated to 
280** C. ; but the variations in the other cases can only be due to loss of 
silica by incomplete dehydration. Still, these are better results than 
Craig obtained, who does not, however, mention the temperature he 
used in dehydrating the silica. 

The fourth point considered was the possibility of obtaining the silica 
in a purer state, that is to say, to decrease the amount of the residue left 
after treatment with hydrofluoric acid. This residue may be due to im- 
perfect washing, or to the fact that alumina has been rendered insoluble 
in hydrochloric acid by prolonged heating to a high temperature. The 
higher residues obtained in the cases in which the silica was heated to 
280° C. point to the latter possibility. But it is not improbable, as will 
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be mentioned later on, that under certain conditions the silica may 
enclose alkaline salts so that it is impossible to remove them completely 
by washing.^ 

In an interesting article by Lindo,^ on the analysis of glass, I met the 
recommendation that the watery solution of the fusion be diluted to a 
very large bulk, so that on acidifying with hydrochloric acid there shall 
be no precipitation of silica. In this way he obtained, on evapora- 
tion, what he called " vitreous silica," in distinction from the ordinary 
*' amorphous silica." This vitreous silica, he says, is so easily washed 
that time is gained in the analysis to compensate for that lost in the 
evaporation of the solution. Lindo takes it for granted that one cannot 
get all the silica by the ordinary process of dehydration, and that the 
last traces of it cannot be got out of the filtrate unless there is sufficient 
iron oxide or alumina present to effect its complete precipitation. In 
the analysis of glass, he added a known amount of ferric chloride to the 
filtrate from the alumina, and by precipitating this iron with ammonia 
the last traces were obtained. 

The following analyses of glass were made according to his direc- 
tions. The powdered glass, about one gram, was fused with five grams 
of sodium and potassium carbonates, and the mass treated with about 
four hundred cubic centimeters of boiling water until it was thoroughly 
disintegrated. On acidifying with hydrochloric acid, a clear solution 

Table IV. — DETERMiNAnoNs of Siuca in Glass. (Ljndo's Method.) 
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73.58 
73.06 
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71.43 
71.70 



1 In this connection it is interesting to note that all the resxdnes left on treatment with 
hydrofluoric acid, in the two slags analyzed, contained manganese, which may point to an 
insoluble compound of manganese with the alkaline salts. 

« Chemical News, Vol. LX. No. 1546. 



Digitized by 



Google 



Determination of Silica in Silicates by Fusion. 67 

was obtained. This was evaporated to dryness on a water bath, heated 
to 125** C, and, as recommended by Lindo, the silica thus obtained again 
fused and treated as before. This silica obtained from the second fu- 
sion was weighed, and then treated with hydrofluoric acid. The two 
filtrates were combined and evaporated to dryness, heated to 125° C. 
for one hour, and the residue, insoluble in hydrochloric acid and water, 
filtered off; this is given in the third column. The first three analyses 
are of German "half-white " glass; the last two, of Bohemian white glass. 

In this case it is seen that a considerable portion of the silica fails to 
be dehydrated by one evaporation and heating to 125° C. The silica 
obtained in this way is very compact, and the washing, as claimed by 
Lindo, is very easily done. The purity of the silica thus obtained 
(shown by the small residue left on treatment with hydrofluoric acid) 
is doubtless in part due to the facility with which the silica is washed ; 
for it is cpnceivable that, when the silica is separated from a concen- 
trated solution of alkaline salts, it may enclose particles of the liquid 
which may not be easily washed out. But this high purity, as com- 
pared with the silica obtained from the slags and the feldspar, may be 
due to the absence of any large amount of alumina in the glass. 

To see what would be the character of the silica obtained from the 
first slag by large dilution of the solution of the fused mass before 
acidifying, the following determinations were made. 

Table V. — Amount of Foreign Matter in Siuca obtained from Lime 
Slag. (Lindo's Method.) 

I. IL 

Weight of SQica Residue from 

obtained Colomn I. with 

from Slag. hydrofluoric add. 

Grama. Grams. 

1. .2755 .0008 > Silica obtained by evaporation to 



2. .2610 .0010 > dryness on water bath. 

3. .2871 .0008 > Silica obtained by evaporation to 

4. .2683 .0012 > dryness and heating to 125° C. 

5. .2506 .0036 > Silica obtained by evaporation to 

6. .3113 .0043 > dryness and heating to 280P C. 



These figures would seem to justify the inference that in the presence 
of considerable alumina it is not possible, even by large dilution, to get 
as pure silica as is easily obtained when only salts of the alkalies or 
alkaline earths are present. 

The foregoing determinations confirm the statement that the ordinary 
process of fusion with alkaline carbonates and evaporation to dryness 
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cannot always be relied on to render all the silica insoluble. No experi- 
ments were made to determine the effect of repeated evaporations to 
dryness with hydrochloric acid. 

When the evaporation is carried out in the presence of free sulphuric 
acid the results are more satisfactory, but, as Craig says, the amount of 
alkaline sulphates introduced seriously interferes with the determination 
of the bases present. 

A comparison of results obtained from a sample of quartz by evapo- 
ration with hydrochloric and sulphuric acids is given below. 
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to dryneM with hydrochloric 
•dd and heating to 120°. 
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to dryness 
with sulphuric add. 


Per cent. 


Per cent. 


96.95 


99.43 


9660 


99.67 


96.79 


99.51 




99.70 



In these determinations I followed Lindo's recommendation of dilut- 
ing largely before acidifying, and the residue left, on treatment with 
hydrofluoric acid, was very small. The first two determinations by 
sulphuric acid were done by decomposing the dilute watery solution 
of the fusion with hydrochloric acid, evaporating to dryness, and then 
adding strong sulphuric acid in excess and heating on an iron plate 
until copious fumes of sulphuric acid were given off* for several minutes. 
The silica was in appearance the same as obtained by Lindo's method 
with the aid of hydrochloric acid only. But in the last two the watery 
solution of the fusion was decomposed directly by sulphuric acid in 
considerable excess, and then evaporated as before. The silica obtained 
in this way was very bulky and gelatinous. 

These results seem to justify the recommendation that has been 
made ; namely, that in the analysis of silicates the silica is best de- 
termined by dehydration with sulphuric acid (in cases where it is not 
inadmissible by the presence of lime, barium, lead, etc.), and that the 
bases should be determined, after the decomposition of the silicate, 
by hydrofluoric acid. 

Mass. Institute of Technology, 
January^ 189a 
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THE DATA OF FILTRATION. — I. SOME RECENT EX- 
PERIMENTS ON THE REMOVAL OF BACTERIA FROM 
DRINKING WATER BY CONTINUOUS FILTRATION 
THROUGH SAND. 

BY WILLIAM T. SEDGWICK, AssociATB Pkofhssor of Biology. 

Filtration on the large scale is gradually coming to be regarded 
by experts as the only adequate and practical safeguard against con- 
tamination, the only available remedy for pollution, of public water 
supplies. Most American cities have hitherto shrunk from the heavy 
pecuniary outlay involved in filtration, and have preferred to rely for 
protection simply upon the general good character of the water-shed 
from which their supply is taken. Experience has shown, however, that 
surface waters, no matter how carefully collected or stored, are apt to 
suffer more or less from the presence of various vegetable or animal 
growths, which, on decaying, support bacteria, and give rise, either 
directly or indirectly, to troublesome and disagreeable tastes, odors, or 
turbidities. Ground waters, though usually very pure when first drawn, 
may, if stored in open reservoirs, suffer still more severely from the 
algae or other organisms which they readily support, — sometimes in 
such abundance as to render the water disgusting and totally unfit 
for drinking. Waters in this condition will sometimes recover, after a 
time, their original purity ; but in order to make them fit for immedi- 
ate use they must be filtered. Moreover, there is reason to believe 
that, with the increase of population, districts suitable for uncontami- 
nated water-sheds, etc. must grow constantly more and more rare, un- 
til eventually no large city will have within reach enough of potable 
water to constitute, unfiltered, a pure supply. Already, indeed, the 
larger cities like New York and Boston are anxiously seeking to pro- 
tect the purity of their respective water-sheds, always at large expense 
and often only after prolonged and uncertain litigation. At the same 
time, fresh and more numerous complaints of ** fishy " or " cucumber " 
tastes in stored waters are constantly testifying to the difficulties in- 
volved in satisfying the inhabitants of a modern civilized city or town 
with water drawn directly from a reservoir teeming with organisms, 
dead or alive, and without any attempt at its purification. 
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In view of this condition of things, it is not unreasonable to suppose 
that purification of some sort will soon become a necessity in Ameri- 
can water-works precisely as it has been found indispensable in the 
case of certain European cities, e. g. London, Berlin, and Zurich. The 
remedy applied in these cases is continuous filtration through sand, 
and it is the present opinion of experts that in filtration, either con- 
tinuous or intermittent, a sufficient protection of water supplies will 
eventually be found. No apology need be made, therefore, for put- 
ting before American students of sanitary science some of the latest 
results of European experience. 

The problems involved in filtration (aside from questions of cost, 
administration, etc.) are three-sided, viz. : (i) engineering, (2) chem- 
ical, and (3) biological. The chemical and biological data alone con- 
cern the actual purification of the water; the engineering data are 
more purely mechanical, and will be considered only incidentally. The 
present paper will deal almost exclusively with a single biological 
problem of fundamental importance in all filtration, — namely, the pos- 
sibility of the passage of bacteria (including pathogenic bacteria^ through 
sand filters^ — and will be still further confined to a summary account 
of some recent and highly important experiments in this direction 
made by an eminent authority. Dr. Carl Fraenkel, upon the sand filters 
of Berlin, Germany. 

The water supply of Berlin is in part derived from a very objection- 
able source, the river Spree, but is purified, before being delivered to 
the inhabitants, by filtration through sand. It must be understood, 
moreover, that these sand filters are run continuously ; i. e. their sur- 
faces are not allowed to get dry, and the flow through them is steady 
rather than irregular. They are therefore very unlike filters of similar 
material worked intermittently, — such, for example, as those which 
have been so successful in the Lawrence Experiment Station of the 
State Board of Health of Massachusetts, — and the Berlin sand filters 
are especially interesting as excellent examples of continuous filtration 
carefully studied from the biological standpoint. Sanitary engineers 
who desire to avail themselves of the experience of the engineers of 
the Berlin water-works should consult an important paper on " Water 
Supply, from the Hygienic and Technical Standpoint," by Piefke, 
engineer of the city water-works of Berlin. ("Aphorismen iiber 
Wasserversorgung, vom hygienisch-technischen Standpunkte aus bear- 
beitet." C. Piefke, Zeitschrift fiir Hygiene, VII., 1889, p. 115.) This 
paper is also a valuable biological contribution, and should be in the 
hands of every sanitary biologist. 
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The bacteriological supervision of the Berlin filters has apparently 
been very thorough, and has repeatedly shown so great a reduction of 
the numbers of bacteria in the effluent as compared with those in the 
unfiltered water, that the impression appears to have become general 
that no bacteria really pass through the best filters, those found in 
the effluent being accounted for by contamination from the air, or by 
errors in manipulation, experiment, etc. 

The outbreak of a serious epidemic of typhoid fever in certain dis- 
tricts of Berlin between January and April, 1889, (some five hundred 
cases having been reported,) and the comparative localization of the 
fever in the eastern portion of the city, threw suspicion upon the 
water supply, and led to the inquiry. Are the sand filters a sufficient 
protection against the introduction of pathogenic germs from the pol- 
luted river into the service pipes, or may bacteria pass, alive and 
virulent, through the layers of sand? 

The solution by actual experiment of this difficult, but highly impor- 
tant, problem was referred by Koch to his assistant. Dr. Carl Fraenkel, 
a biologist of the highest reputation. The work was carried on during 
the summer and fall of 1889, and, in a lecture before the German Society 
for Public Hygiene, Fraenkel has given a preliminary account of his 
results, which appears in the Deutsche Medicinische Wochenschrift for 
December 12, 1889. The complete account will appear hereafter, but 
the results already reached are important enough to receive immediate 
attention. ( Wird das Trinkwasser der Stadt Berlin durch die Sand- 
filtration mit Sicherheit von etwaigen Infectionsstoffen befreitf — Deutsche 
Med. Woch., Dec. 12, 1889.) 

By the cordial co-operation of the authorities of the city water-works, 
and especially of C. Piefke, the engineer in charge, (whose work is re- 
ferred to above,) it became easy to construct filters imitating precisely 
those in actual use, and in general to carry on the experiments under the 
normal conditions. It was obviously out of the question to undertake 
any experiments with pathogenic germs upon the filters actually in use, 
and therefore one of the first steps was to construct small tanks on the 
same pattern. A barrel-shaped wooden tank, 2 meters high and 0.75 
meter in average diameter, having at the bottom a sieve-like perforated 
support, was filled precisely like the large tanks in actual use ; namely, 
with 150 mm. of stones of the size of a fist, 80 mm. of coarse gravel, 
100 mm. of fine gravel, and 600 mm. of finer {scharf) sand. The surface 
was thus one meter below the top of the tank, and was provided with an 
overflow. Special means were provided for avoiding sudden changes in 
pressure, so that the flow was perfectly regular and under control. 
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It was considered safer to begin the experiments with a harmless 
bacterium, and accordingly the preliminary experiments were made 
with Bacillus violaceus. This species was chosen, not only because 
of the comparative ease with which it can be detected, but also be- 
cause of its rarity, and of the fact that it might be supposed as likely as 
any to survive the passage through the sand. It was cultivated in a 
very weak solution (i part of ordinary bouillon in 20 parts of distilled 
water) in order to avoid the objection which otherwise might have been 
raised, that the germs had found in the tank itself, thus fed, the means 
of continued existence, or even of multiplication, and so eventually had 
spread to the very bottom of the tank, and finally passed out. Small 
doses of this fluid, which had a faint bluish color, were added to the 
unfiltered water, from time to time, and usually at regular intervals of 
six hours. The supernatant water was then stirred up in order to secure 
an even distribution of the violet bacillus all over the top of the tank. 
Samples of the water standing on the surface of the sand, as well as of 
the effluent, were examined bacteriologically every day, and the results 
of a prolonged trial, lasting from June i to the end of July, went to es- 
tablish the fact that, contrary to the prevailing opinion^ the Berlin continu- 
ous sand filters are by no means germ tight. The least efficient periods, 
moreover, are those in which the filters are " young," i. e, are not yet 
covered on top with a layer of organic material accumulated from the 
water previously passed through (^Schmutzdecke^ Deckhaut^ Filz\ or, on 
the other hand, " old," i. e. so covered with organic matter " felted " 
together that water passes through only under the compulsion of a 
high pressure. It was observed, however, that after prolonged running 
the number passed out increased somewhat, even under no marked 
increase of pressure, and Fraenkel suggests that possibly some other 
cause than mere pressure is at work in such cases ; such, for example, 
as the effect of the steady accumulation of food material within the 
tank, giving support finally to an undue number of bacteria in the 
lower layers. 

In any case, it appears that the number of germs in the effluent is 
directly dependent on the number in the supernatant (unfiltered) water. 
Any change in the number of B, violaceus applied was soon followed 
by a corresponding change in the effluent. Moreover, the rate of flow 
seemed to be of the utmost significance. The filter which was run at 
the higher speed always showed the more bacteria, and, indeed, so uni- 
formly, that Fraenkel declares the results proportional. Thus, with one 
filter running at 300 mm. speed and another at 100 mm., it appeared 
that -three times as many blue colonies were contained in the effluent 
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of the former as in the effluent of the latter. He therefore lays down 

the rule, that the qtialitative efficiency of a continuous filter is inversely 

proportional to its quantitative efficiency. 

These preliminary experiments pointed clearly to the outcome of 

those upon pathogenic germs, although there was the possibility that 
these, being doubtless more delicate, might not survive in the (to them) 
unusual environment of a sand filter. In fact, it has been shown repeat- 
edly, in laboratory experiments, that certain pathogenic germs speedily 
die out in water containing other germs. The temperature, also, was 
clearly against them, so that a hope might not unreasonably have been 
entertained that they would be killed in the filters. From the end of 
July to the middle of October Dr. Fraenkel experimented with the same 
filters as before, now using pathogenic germs. The results showed that 
the germs of cholera and typhoid may also pass through the sand filters. 

The number of these germs in the effluent depends upon the number 
in the unfiltered water, and on the rapidity of filtration. The beginning 
and the end of the filtration period are especially dangerous times, be- 
cause in the former case the filter has not attained its most effective 
condition, and in the latter the pressure, as well as perhaps the gradual 
charging of the whole filter (J)urchwachsen) with live bacteria, tends 
to favor the discharge of the germs. 

These results are directly opposed to the prevailing opinions con- 
cerning sand filters. There was, however, no good reason to doubt 
that the filters used were quite as effective as the actual large Berlin 
filters. The general belief that the Berlin continuous filters allow no 
germs to pass through them does not appear to have been well 
founded. It rested, for the most part, upon the observation that the 
number of germs discharged bore no apparent relation to the number 
applied. The former was fairly constant, 'the latter very variable. 
Hence it was inferred that the germs found in the effluent were due 
merely to contamination from the lower layers, or from the air. The 
filters themselves were regarded as " germ tight." 

Fraenkel points out, however, that it is unfair, as is the custom, to 
compare the water of the river with that in the service pipes, both 
samples being taken on the same day, since the pipe water of any 
given day has not necessarily the slightest connection with the river 
water of the same day or hour. In the absence of experimental evi- 
dence it is impossible to say just how long is required for any partic- 
ular portion of water to pass through the filters and reach a particular 
region of the city. But it is certain that the micro-organisms do not 
all pass on with the same velocity, nor do they keep pace with the 
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water in which they exist. Again, it appears that the very idea of 
considering the germs in the effluent as having come in part from 
the lower layers, which in turn were charged from above in an earlier 
period, is a partial and tacit admission that germs may pass through, — 
as it has been shown that they do in Piefke*s experiments upon new 
or sterilized filters, — so that the period of complete exclusion is at 
the best but limited. 

Lest any one should conclude from these experiments, that, because 
the filters are not absolutely germ tight, they are therefore practically 
worthless, Fraenkel strongly insists that such a conclusion would be 
very unjust and fallacious. The reduction in the number of germs 
by an effectively working and intelligently operated sand filter is in 
truth astonishing ; but it is clear that any such system as is necessary 
for a large city requires the most skilful and intelligent supervision, if 
the results are to be of the best. Furthermore, since it appears from 
these experiments that the number of germs in the effluent depends 
directly upon the number applied, it becomes highly important to 
employ for filtration the best water available. It is not a matter of 
indifference whether the water to be filtered be good or bad. Only 
the best water is susceptible of the highest purification. The rate of 
filtration is also obviously extremely important, and requires constant 
attention. It may be urged that in these experiments the number of 
germs applied was very large, — much larger than would be likely to 
occur even in a badly polluted supply in actual service. This is cer- 
tainly true, but does not forbid the possibility of such germs passing 
through, although it greatly reduces the probability. On the other 
hand, it must not be overlooked that the samples of effluent actually 
examined were only a very small portion of the entire effluent, so that 
there is a possibility of the escape from the filters of a much larger 
number than was found. Moreover, if it be allowed that the germs 
may multiply in the filter, or that they are hardy, — as increasing evi- 
dence seems to be indicating in the case of typhoid fever, — the way 
is at once open for the filters to become breeding places, as well as 
passages for germs. 

The answer to the question whether or not the epidemic of typhoid 
fever, referred to at the outset, might possibly have come from germs 
which escaped detention by the sand filters, is obvious ; whatever the 
probability, the possibility cannot be denied. 

The foregoing study of the bacterial efficiency of continuous filtra- 
tion of drinking water is, from the standpoint of public hygiene, of the 
utmost importance. For sewage disposal, however, continuous filtra- 
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tion fails utterly, since there is no free oxgyen in sewage, and hence 
no nitrification, or other purification, except the purely mechanical 
effect of the straining out of suspended matters, which leads to speedy 
stoppage of the filters. In drinking waters there is usually an abun- 
dance of free oxygen, so that continuous filtration might, theoretically, 
allow the complete nitrification of the suspended matters mechanically 
held back. That this does not take place is probably due partly to 
the fact that the arrival of fresh material for oxidation takes place 
more rapidly than its removal by nitrification, and partly because 
nitrification appears to require a more or less prolonged contact be- 
tween bacteria and the substances to be oxidized. It appears, there- 
fore, that in the case of drinking water rich in oxygen, as well as 
of sewage destitute of oxygen, the process of continuous filtration is 
effective chiefly in the removal of suspended matters, and of these 
the finest particles (bacteria) are imperfectly separated. Intermittent 
filtration, on the other hand, readily effects the nitrification of the or- 
ganic matters in sewage, by allowing the entrance of oxygen fnto the 
sand between the flooding periods, and the purification of drinking 
water, by similar oxidation of the matters mechanically held back. 

It is interesting to observe the striking effect of continuous filtra- 
tion upon the bacteria in the water supplies of Berlin and Zurich. Ac- 
cording to Piefke, in the paper referred to above, omitting certain 
extreme cases, it appears that, from July, 1885, to April, 1886, the 
average number of living bacteria in the unfiltered water of the river 
Spree was 3,609 per cubic centimeter. During the same period the 
effluent from the sand filters averaged only 63. Similarly the unfil- 
tered water of Tegel Lake contained 505 ; the effluent, 51. In Zurich 
during 1886, the lake water drawn from a depth of 12 meters aver- 
aged 159. The filters were worked at a very rapid rate (7 m. per 
day), yet the average bacterial condition of the eflfluent was excellent, 
namely, 24 per cubic centimeter. In 1887, owing to an extension of 
the plant, the filters were run more slowly (at about 200 mm. per hour), 
and although the lake water showed a higher bacterial content (246), 
that of the effluent was lower than before (19). These figures show 
conclusively that, although far from perfect, the bacterial purification 
of drinking water by continuous filtration is still very great. If all the 
algae, fungi, and animal forms, as well as the debris and other suspended 
matters, are also removed, as they appear to be, the final result of such 
filtration must certainly be pronounced very satisfactory. 
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THE LANGUAGE OF ''THE LIFE OF THOMAS BECKETr 

BY FRED P. EMERY, Instructor in English. 

A VERY popular species of composition, during the twelfth, thir- 
teenth, and fourteenth centuries, was the collection of fabulous stories 
known as the Legenda Aurea, stories of the lives of the saints and 
martyrs, who performed most incomprehensible deeds of charity and 
devotion, who endured torture, not because they must, but because 
it served to manifest their goodness, and who at last died that they 
might be the shining lights of the little candles that enlumine this 
wicked world. 

To say who was the favorite saint of the Middle Ages would be diffi- 
cult, but one very interesting to Englishmen, because he was himself 
of their nationality and because he lived within the memory of their 
own times, was Thomas i Becket, the Archbishop of Canterbury, who 
was put to death by the minions of Henry II. when that monarch had 
expressed his displeasure with him, and who, conceived in the popular 
mind as suffering torment for his faith's sake and standing upon an 
ecclesiastical eminence, was not merely regarded as a martyr for the 
cause of the Church, but was canonized as a saint. Stories of his 
life, a mixture of authentic history and fiction, were long current, 
told over and again, and reduced to writing by some unknown priest 
or monk of the early part of the fourteenth century. 

This fragment of about twenty-five hundred lines is especially inter- 
esting to the student of philology, as being written midway between 
the romances and chronicles of an earlier date and the new English of 
Chaucer. 

Examined as the basis of grammatical investigation, this poem pre- 
sents, as the most prominent fact to attract notice, a great difference 
from the language of the century previous to its composition. The 
introduction of French words alone is sufficient to change the whole 
appearance of the text from one of earlier date. Add to that the 
result of the constant tendency for shortening forms, the usual curtail- 
ing of the Anglo-Saxon and semi-Saxon endings, and we have the 
language as it exists in the early part of the fourteenth century. In 
the discussion of the language of this fragment, it has seemed best to 



Digitized by 



Google 



The Language of ''The Life of Thomas Beckett 77 

follow the ordinary methods of philological research, and to study the 
different parts of speech separately, and in the usual order. 

As not all the composition was carefully investigated for paradigms, 
some of these remain uncompleted ; but enough has been done, it is 
hoped, to show what was the general tendency of the language of this 
period, and what were the principal regular grammatical forms, and 
what were the chief exceptions to regularity. 

NOUNS. 

Nouns Masculine. 

Sing. N. e — man (me). Sing. D. 

G. es es manes, 2376. A. 

Plu. N. es es or is, 2418 ; but see 2468. 

G. 

D. es es 

A. es es or s 

Plurals are found in en of all genders, as follows : — 

1885 bellen. 1951 schrewen. 2251 emeten. 2373 honden (fern.). 

248 (also 2419, 2421) schuldren. 2498 churchen. 

More masculine nouns end in — than in ^, but no definite rule can 
be formulated, so that we can know which form to expect. Some 
forms worth notice are these : — 

1 790 rede, seems to have e uniformly^ though from Ags. raed, cf. 2006. 

1790 govern, from the French goveme. 1807 and after, sire, voc. 

1867 and 1971 freond (in voc. plu.). 1813 lymemele, a noun become an 
adverb, cf. modem English piecemeaL 1859 al dai used adverbially ; fo, n. d. a., 
but fou, n. and dat plu. 

2797. A substantive adj. is found in the wise, cf. 2250. 

2 II 3. Another case, god used as a noun. See also 2409 (so in Anglo-Saxon). 

2226 seems to be an older form than most of the text. 

2285 fader in the gen. singular, without j, as survival of the Anglo-Saxon. 



e 


— 


e man 


e 


— 


man. 


men 




en. 


men 




en. 


men • 




en. 







Nouns Feminine. 








Sing. 


Plur. 


N. 


e 


moder. 


N. es. 


G. 


e,or — 


moder [2286?], 2489. 


G. 


D. 


e 


moder. 


D. es. 


A. 


e 


moder. 


A. es. 
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Some of the noticeable feminine forms are as follows : — 

In line 1819, par charity, French words, with a French construction. 

1836 and 1872, threting, dat and ace. without the e. 

1866 mansing, dat. without e, but cf. 1901 and 1873, where the ace. has e. 

1 91 6 loking without e. 

1882 and '83 croiZy here plural, but certainly singular in 2103. This word 
seems indeclinable, so far as distinction between nom. and oblique cases is 
concerned. 

1887, stret is noticeable in the dat., as is also in 1979 hoc. 

2129 soul (here ace), Ags. sawel, usually has a final e. See also 2335, 2424, 
and others. 

2129 churche (gen. sing.). See also 2296. See also 2322, of ende day, and 
2323, deth uneL The churche dore, 2307, seems very probably to be a compound 
word. 

2263, wordle, in which a common transposition occurs, where d and / change 
places, as is frequent in this word. 







^ 


fouNS Neuter. 






Sing. 


e 


— 


Plu. 






N. 


e 


— 




N. 


es (or — ). 


G. 




es. 




G. 


(ne 2007). 


D. 


e 


— ore. 




D. 


es. 


A. 


e 


— 




A. 


es (or — ). 



The neuter nouns ending in — are much more frequent than those 
ending in ^, and very naturally. There have been noted a few inter- 
esting forms, which do not readily fall in with the paradigms. These 
are: — 

1815, 2437, etc., i^r, the regular form of the noun in all cases except the gen. 
of both singular and plural. In the cases instanced, it seems to be ace. plu. of 
extent of time. 1835 schif in dat. keeps its e, which is not found in the nom. 
2007 see childeme as a gen. plu., the only one found. 2144 schef preserves 
its old regular form in the plural, Ags. scdap. 2193 here is plural. 2187 and 2225 
hors seems to be plural in these cases, as being numbers. 

Noun Constructions to be noticed as Uncommon. 

1867 loverdes leve the King. 1876 amorwe, an adv. formed from a noun and 
prep., as also 1931 akneo (cf. 2370). 1924 pound (plu.). 1966 that folk where 
a preposition would be more natural ; cf. Pronouns, 2004 mile (plu.) like hors ; 
still heard colloquially. 2232 Seint Johnes the Baptist (cf 1867). 2285 and 
2286, fader and moder (gen.); cf. Fern, Nouns y and elsewhere. 
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Nouns Proper. 

These nouns are instanced in the order in which they occur, and 
are useful in comparing the forms of the early fourteenth century with 
those of the present day. 

Seint Tliomas, Engelonde (also without e)^ France, Whitsonde, Rome, Everyk, 
Salesbure (also y)^ Londone, Jesu Crist, Canterbure (also j^), Dovere, Sire Renald 
de Warenne, Sire Randolf de Brok (also Brok<f), Gorveis, Sandwich, Hiomas, Jesu 
Crist, Palrasonedai, Jerusalem, Pope, Cristes (gen.), Normandie, Sire Renald de 
Fizonis, Sire Hughe de Moreville, Sire Williera the Traci (also Williem Traci), Sire 
Richard the Brut, Sire Robert de Broke (also without e)y King Henri, Fridai, 
Saltwode, Childeme-masse-dai-Tuesdai (also Tywesdai), Seinte Marie dai Magda- 
lene, Seinte Marie, Seint Dionis (also Seinte), Edward Grim, Grantebrugge, Gywes, 
Godspel, Excestre, Seint Austines (gen.), Seint Johnes the Baptist (gen.), Argen- 
teyme, Templers, Claundone, Scotlonde, Sire Geffrai, Britaigne, Kyng Richard, 
Kyng John, Sire Geffreies, Stevene, Honori, Pandulf, Water, Reyns, Sire Huberd 
de Brom, Norhamptone, Ponteney, Jesus. 

Nouns from the French. 

By the time of this composition French words were becoming com- 
mon in our language, but they occurred in no such proportions as 
we find them in the English of to-day. The number seems very 
small for so late a period as this. In this list, proper nouns are not 
included, as they are mentioned elsewhere. The most patent French 
derived nouns are the following : — 

1 790 gouveme, 1 793 onur, 1 794 condut, 1 795 honur, 1 797 letres, 1 798 sentence, 
1801 digneti, 1819 charity, 1821 grace, 1838 croice, 1839 signe, baner, 1843 cri, 
1846 joye, 1853 cas, 1856 sembknt, 1861 pres, 1868 trespas, 1870 deserteisoun, 
custume, 1873 manere, 1875 respit, 1878 contrai, 1879 parosche, 1880 proces- 
sioun, 1882 croiz, 1885 taperes (i. e. = tabors, which the sense seems to favor), 
soun, 1886 instrument, 1887 noyse, 1895 palefrai, 1899 paleys, 1903 frere, 1905 
place, 1907 forme, 1908 surance, 192 1 poer, 1923 cofre, 1937 despit, 1944 trai- 
tour, i960 folie, 1961 messager, 1967 predicatiouns, 1985 clerk (also 2933 
clerc), 1986 wardeyn seems to be old French (yet ward and warder are early 
English, from the French through the Teutonic, like guerre^ etc.), 2014 chambre, 
2016 clerkes, consail, 2018 message, 2020 comandment, 2023 baronye, cf also 
2028, 2024 chief, 2033 servage, 2048 croune, 2136 croun (=top of head), 2056 
accord, 2072 fei, 2078 maners, 2085 armes (French, but armes in 2073 is 
Englisli), 2087 cloistre, 2088 compli, 2093 merci, 2098 servise, 2099 castel, 2100 
foles, folies, 2109 hure, 2110 mantel, vylt^, 2126 oreisoun, 2128 avowes, 2137 
face, 2 141 Gywes, 2142 disciples, 2152 marbel (?), 2152 poynt, 2156 pavement, 
2158 colour, 2159 diademe, 2161 peynt, 2185 tresorie, 2186 robberie, 2187 
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tresour, 2188 chartres, 2192 franchise, 2208 auter, 2230 solempnet^, 2231 minstre, 
2236 abyt, 2238 covele, stamyn, 2239 seculer, 2240 priveit^, 2243 ese, 2248 crea- 
ture, 2272 consail, 2273 ^ngusse, 2275 pitd, 2289 euchesoun, anny, 2292 penance, 
2293 priveitd, 2315 stat, 2318 miracle, 2333 patriarcs, 2334 virgines, 2340 court, 
manere, 2360 contek, 2376 tombe, 2391 ensample, 2395 naeneisoun, 2399 heir, 
2402 heritage, 2413 miseise, 2425 prisoun, 2428 fyne, 2431 sauter (this word, 
found in Anglo-Saxon, Ls Latin of the Second Period, not of the Third, but this 
form seems to be from the French), 2443 tricherie, 2450 legat, 2451 pardoun, 2455 
priours, persones, 2456 barounes, 2457 serjants, squiers, 2462 presse, 2465 covent 
2479 justise, 2483 Trinity, 2488 cheances, 2506 feste. 

pronouns. 

Personal Pronouns. 



Sing. 


ist 


2d. 




M. 




3d. 
F. 


N. 


N. 


y, ich 


thu 




he 




her 


hit 


G. 


mi, myn 


thi, thin 




his 




hire 




D. 


me 


the 




him 






hit 


A. 


me 


the 




him 






hit 


Plu. 
















N. 


we 


fc 




hi (he I 


872) (he 2 191) 


hi 


G. 


oure 


ioure 




here 








D. 


ous 


^ou (fu 2105) 


hem 


(him 


1999) 


hem 


A. 


ous 


iou 




hem 






hem 



The y and ich seem to be used indiscriminately, or at any rate the 
distinction is not a uniform one. 

The dative and accusative are alike in the pronouns, showing that 
the distinction between them had already been broken down. 

The gen. plural ends in e before vowels and consonants alike, but in 
the singular a well defined line is drawn; mi and thi are used only 
before consonants, while min and thin are used before vowels or the 
letter A. 

The second person nom. singular in the interrogative form is tou, as 
havestou ? 

In writings of the same date as the one under discussion, we often 
find the tendency to a pronoun in the dative case as the apparent 
subject of the verb. Some instances in this work are as follows : — 

ist person dative singular as subject, as, me thinketh, 1925, 2035, 2072, etc. 
2d " " " " " as, the reweth (this may be ace). 

3d " " " " ** as, him thofte, lines i, 3, 2378, 2395, etc. 

3d " " plural " " as, hem wende, 191 1, 2466, etc.; hem 

agros, 2200. 
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No forms of the genitive singular of the third personal pronoun 
appear in this piece ; the place of that form is often supplied, in the 
same way as in the English Bible, by the word thereof meaning sim- 
ply ofity as used in lines 2213 and 2257. 

The form thereto occurs several times in the sense of to it. 

Possessive Pronouns. 

The possessive pronouns are merely the genitives of the personals, 
all the plurals ending in e^ as does also the feminine of the third per- 
son singular. In the singular, the forms thi and mi are used before 
consonants, and thin and myn before vowels or h. The third mascu- 
line is his, indeclinable, as are the others. In form the vocative is like 
the nominative. 

Intensive Pronouns. 

The emphatic forms of the possessive occur in the same form as in 
modern English. We have in 1822 myn owe in the dat. sing., and 
in 2060 thin owe. 

In this composition we very frequently find a simple personal pro- 
noun in one of the oblique cases where the modern English would use 
an intensive. For example, themselves is often expressed by hem^ as 
in 1802, 1955, 2189, 2195, etc. 

In the singular, too, him dat sing, must be translated himself m 1928, 
2010, 2174. 

The form in silf however, does occur as the nom. singular himsilf in 
2255 ; in himsilvey line 2316; the nom. sings, thusilf ditiA the silf occut. 
In the nominative we also find oure Louerd silf; and in the neuter is 
the selve thing, line 2478. 

Demonstrative. 

The forms this and that, indeclinable in the singular, are found in 
all cases and genders of the singular. The plural this occurs in the 
nominative ; that is not found in the plural, so its form can only be 
conjectured. 

Relative Pronouns. 

The relative pronoun of all genders is that, both in the singular and 
plural ; the forms who and which do not occur in those forms. In one 
shape, however, we see the former; the dative both of the singular 
and plural has the form wham, as dat. sing, of wham, 2462, dat. plu. 
of wham, 2001 . 
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The pronoun ko does occur as a relative once, but not with the ordi- 
nary relative meaning ; it is in line 2222, where it means whoso. The 
relative pronoun that is used in 1849, where modern English would use 
an adjective. So too several times we find this evidence of a careless 
use. 

Compound Relative. 

The compound relative, meaning the words that we should express in 
modern English by what or that which, is thaty the same form as the 
simple relative ; it is used in all cases of the singular, and in the nom- 
inative plural ; that is also used in line 2240, equivalent to those who. 

Interrogative. 

The interrogative pronoun occurs only in the nominative singular. 
It is hOy the antitype of our modern who as interrogative and relative. 

Indefinite and Occ^ional. 

Under this heading I have grouped all those pronominal forms 
which do not readily resolve themselves into some one of the other 
classes. 

me or meriy as used like the French <7«, as the subject of a verb referring to an 
indefinite subject. This is very common, and in line 2486 we have fne as a, neuter 
nominative. 

Other, meaning '* another," is found in the nom. and ace. sing, and plu. The dat. 
plural is othere, which form is also used as nom. plural. Thother is used both 
sing, and plu., as 1996 sing., 1835 plu. Thothere is also found in nom. sing. 2 151. 

meni on = "many a one," nom. as 1809, 1840, 2454. 

non = none (nom. sing.), ofie = ** alone." 

echon in all cases of singular, but echon dat in 242 1, and nom. in 2429 and 2474. 

enes is ace. sing, neuter. 

nothing is found in nom., dat., and ace. singular. 

alle in dat, nom., and ace. plural masculine. 

summe (nom. plu. masc). 

pece and other = " piece by piece " (nom. sing. 2420). 

bothe (nom.), beire (gen.). 

ADJECTIVES. 

The vocabulary of this author is very limited in regard to adjectives. 
The adjectives are many in number, and almost every noun has its 
accompanying epithet; but while in number they are so many, in 
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kind they are very few; almost every object or person mentioned is 
either good or bad, "holi" or "lither." The paradigms are in no 
case complete in this fragment. 

Strong Declension. 

Sma Masc, Fern, Neui. 

N. — 19399 i940> 2021. — 17S9, 1998. 

G. No genitives are found. 

D. e 2083, 2089, 2087, 2166, or — 1826, 1974^ 2099. 

A. —2034, 2444. — 1937, 1980, 2033. — 1988. 

Plu. 

N. e 200iy 2480, or — 2066 and elsewhere. 

G. No gen. plu. is found. 

D. e 2466. 

A. — 1920 (?). 

The plural is alike for all genders. 

Weak Declension. 

Sing. Masc, Fern. Neut. 

N. e 1848, 2086, or — 1897, 2097 1 T V 

G. 2069 (holi) 2376. \ Lacking. 

D. (owe) 2062, 2429. e 1894, or — 2483. 

A. e 1801, or — 1804, 1833. € 1872, 2406. e — 2445. 

Plu. Same for all genders. 

N. e 1865, 2031, 2250. 
G. Lacking. 

D. — e 1 791. 

A. e 1802, 2193, also (privei, 2188). 

Comparatives. 

2011 leng, vylloker (adv.), rather (adv.), ere (adv.), rather 2051 (adv.). 

prestere 2106, hefere, worse, next. 

(moche-more) denoting intensity, 2034 ; denoting number mo, 2068, 2085, forthere. 

Superlatives. 
meste (the meste schrewen). 

Numeral Adjectives. 

O, on, 2253, enes (adv.) ; tuo 2277, tuei 2193, tueye 1914 ; threo, 1802, 1929 ; 
fomr 2001, foure 2405; vyf, 2068; six, 1850; sove, 2503; threttene, thridde, 
1847, 2430; furthe, 2446; vyfte, 2178; sovethe, 1849. 
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The definite article is the for all genders and cases. The indefinite 
article is a, an^ and ane. 

ADVJUUBB* 

Adverbs are formed from adjectives by adding -e or -liche (Ags. lice, 
modern English -ly). The former are the more frequent; as, sore, oc- 
curring 1787 and often elsewhere; faste, 1827, and frequently; wide, 
1843; foule, 2070; softe, 2183. 

Of the adverbs in 'liche, a few are as follows : — 

1897 myldeliche 1950 stilliche 1990 noleliche 

2092 baldeliche 2205 duffulliche 





VERBS, WEAK AND STRONG. 




Personal Endings. 
Strong. 


Indicative. 
Sing. i. — e 


Present. Subjunctive. Imperative. 
Sing. i. Sing. 


2. — est, or 

3. — eth, th 
Plu. — eth 


St 2. 2. 

, — (2161) 3. — e 

Plu. — e Plu. —eth 


Indie 
Sing. i. 


Past Subj. Past Participle. 
Sing. i. 


2. — e 


2. i — 


3. 3. — e 

Plu. — e (1836), — en, i — e 2068 Plu. — e 
(2d pers. pron. omitted). 




Weak. 


Indicative. 
Sing. i. 


Present. Subj. Imper. Infin. 
Sing. i. Sing. 2. — — e 


2. — est 

3- — eth 

Plu. — eth 


2. — e, — i,— — e — i 

3. — e Puu. 3. (assoili) 

Plu. — e — i (granti) (passi) 


Sing. i. 


Past. Past Participle. 


2. 

3. te, *ede (1793)- » — ed 
Plu. — *eden (1803). y — ed 



"ede (1804). 
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Strong.— Principal Parts arranged in Alphabetical Order. 

Present. Past Sing. Past Piu. Past Part 

abide (abyd^ imper.) abide 

afonge (fongen, inf.) 
agros 
aloute 

atake (bitake) aftoc, bitoc (toke) 1832 

bede (inf.) (biddeth (bidde = bitten bad (both meanings), bede, beden, 



= beten 






bitten 


bere 




bere 


ibore 
ibounde 




bigan 


gonne 






bicom 








bifat (forget, underfct) 


) 




breken 


brak 


breke 






cast(e) 


caste 




dipeth 




chose 
crope 




comest 


bicom 


come (perhaps subjunc- icome 






tive)i8i7,i830j 


^^^ZZ' 


do, don, done 


dude (1837) 


duden 


ido 


drawe (drauf imper.) drou{ 


drowe 


to-drawe 








idryve 




et 


ete 




falleth 


bifal 


faUe 




fleo 




flowe 




forgyve 


Caf 






forget 


forfet, underlet 




forfute 


forsake 


forsoc 


forsoke 




fyude 




fonde, funde 


founde, fonden 


geve (geveth, imper.) 


fof 


• 




go 


{eode 


{eoden 


gon, agone (2332) 


hongen 








holden (hold, imper.) 


1 huld,huld(e) 


bihulde 




helpe 








hoteth (ist plu.) 


bihet 






lie (= Itigen) 








ligge (inf ), lith 


lay or lai 


kye 




nyme (binyme) 


nom 


nome 


binome, ynome 




let 


forlete, lete 






quath 
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Presmi. 


Past Sing. 


Past Plu. 


Past Pari. 


rede 




radden 




ride 


rod 






seoth 


say (1966) 






iseo 


ise{, iseye 




isene 


sitte 


sat 






singeth, singe 


song 


songe 




schryve 




slepe 


ischryve 


smiteth, smyte 


smot 


smyte, smyten, smite 


ismyte 


spekt 


stonk 


bispeke 




swerie (inf.), swere 


(subj.) 


swor(e) 




totere 








sle(e) 1803, sle 


slof 


slowe 
schove 


aslawe 


stent (3d sing.) | under- \ ^^^^ 
stonde (inf.), stonde (pi.) > a- > 


stode 


stonde 
iwasche 




theiste 


therste 




uncover 










wep 


wode 
woke 


irite 


I worde, 2 worstj 


3 plu. 






woi^(e), 3 worth 


(2034), 






as passive auxiliary. 







iulde 



Irregular Weak Verbs. — Principal Parts. 



Infin. Pres. 


Past. 


Pastl 


wende 


wende 
sende 
ihurde 




telle 


tolde, pi. tolden 




kepe 


kipte 


icouth 


bringe 


brofte 
rofte 


ibroft 


lede 


ladde 




Pencan 


pofte 




owe 


auftest (2d sing.) 




1 sigge ) , . . ^ 

, ^ Y (sai, imper.) 

2 saiest j V ' i' / 


seyde, seide, sigge (subj.) 
sede 2070 
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Anomalous, Preterite, Present, etc. 
Wesan. 



Indie, 




Present Subj. 




Infin. 


Sing. i. 


am 


Sing. i. beo 




beo 


2. 


ert 


2. 






3- 


is 


3- 






Plu. 


beoth 


Plu. 






Sing. i. 


Indie, 


Petst Subj. 




Pctst Part. 


2. 


were (2066) 


Sing. 2. were 1862 


beo 


3- 


was, nas 


3. were 




ibeo 


Plu. 


were, weren 


Plu. were 
Habban. 






Indie. 


Pres. 


Pres, Subj. 




Imper, 


SiNa I. 


have 


Sing. i. 




Plu. habbe 


2. 


havest, hast 


2. 






3- 


nath, hath, habbeth 


(2044) 3. habbe 




Past Part. 


Plu. 


habbeth 






habbe 


Past Sing. 3. hadde 


Plu. hadde 










Magan. 






Indie. 




Pres, 




Subj. 


Sing. i. 


may, mai 


Past Sing. i. 






2. 


mift (?) 


2. mi£te 


Past Sing. 


3. mi£te 


3- 


mai 


3. mifte 






Plu. 


mowe 


Plu. raifte 
Witan. 






Indie. 


Pres. 


Subj 


Ind. 


Past. 


Sing. i. 


wot 




Sma 


I. 


2. 


wost 






2. 


3- 








3. nuste, wiste 


Plu. 


Wlt€ 


Don. 


Plu. 


wiste 


Indie. 


Pres. 


/'dtf/. 


Subj 


Pres. 


Sing. i. 


do 


Sing. i. 


SiNa 


I. 


2. 




2. 




2. do 


3. 




3. dude 




3- 


Plu. 


doth 


Plu. duden, 


dude 
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Motan. 
Mote is the only form that occurs, and it is found in first and third persons of 
the present subjunctive. 

Must. 
Moste is the only form ; occurring in the plural of the past subjunctive. 



Subj. 



Willan. 




Indie. Present 




Sing. i. nele, wole, neli 




2. nelt, wilnest (2047 from wilnian) 




3. wole 




Plu. wolleth 




Indie. Past 


Subj. 


Sing. i. 


Sing. i. 


2. woldest 


2. 


3. wolde 


3. nolde 


Plu. wolde, nolde 


Plu. wolde 


Shall. 




Indie. Present 


Subj. 


Sing. i. schal 




2. schalt 




3. schal 




^ (schulleth) ^ „ 
^^"- '-3-ischulle l^^'^^" 


Past Subj. 




Sing. i. 



3. scholde, schulde 

Note. — Attention is called to the fact that the Greek letter Zeta is substituted for the 
Old English letter, which corresponds to t,y^ and^, at different times. 
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WILLIAM PARSONS ATKINSON. 

Memorial reported by a Special Committee consisting of Professors JOHN D. 
RUNKLE, CHARLES R. CROSS, and DAVIS R. DEWEY, and unanimously 
adopted by the Faculty of the Massachusetts Institute of Technology, at 
a meeting held April 16, 1890. 

The recent loss which the Institute has sustained in the death of the 
Emeritus Professor of English and History calls for more than ordinary 
consideration. 

Professor Atkinson was the senior of our number in regard to age, 
and, with a single exception, also in the order of appointment. His 
labors with us began in 1865, and continued unbroken until the date of 
his resignation, less than a year since, at the close of a half-century of 
teaching. He was one of the first among professional teachers to 
appreciate the essential truth and large importance of the radical edu- 
cational ideas underlying the scheme of instruction at the newly estab- 
lished School of Technology, a point especially worthy of note in view 
of the fact that his own training, his especial professional interests, and 
all his associations would naturally have led him to cling to the older 
system of a purely classical training. But he clearly saw the impor- 
tance of the new methods of education of which the Institute was the 
leading exponent ; and so was led, almost at the very outset, to ally 
himself to an institution unpopular among his associates, and unappre- 
ciated except by a very small circle of his friends. And as time went 
on, no one watched with more honest pride and generous satisfaction 
its slow but certain growth to its present position. 

In the work of the Faculty, our late associate bore a large and im- 
portant part, — how important can be realized fully only by those who 
have been conversant with the inner history of our various courses of 
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instruction for the past twenty years. During a large portion of this 
time he was not only the sole distinct representative in this body of the 
study of the humanities, but for years he was the only instructor of any 
grade in history, political science, literature, and philosophy. 

The many hours consumed in the lecture-room, in which he met all 
classes of students, and the large amount of time spent in the prep- 
aration of his routine work, laid upon him a burden which only the 
strongest belief in the need of such training as he gave, and the most 
generous readiness to render to the institution with which he was con- 
nected the best that he had to bestow, could have given him strength 
to carry. And, moreover, as many of us can remember, in earlier days, 
when students were ill prepared, often immature, and frequently very 
narrow in their views, the work of the Professor of English was espe- 
cially perplexing and laborious. 

But however great the discouragements that arose, his zeal never 
flagged, and by his uniform independence, honesty, good temper, and 
self-sacrifice he gradually brought the peculiar work of his department 
to be recognized by students and teachers alike as essential to the 
completeness of our system of training. 

Professor Atkinson recognized at the outset that the character of his 
instruction must be peculiar, — that he must strike out in new paths, if 
he was to interest and instruct youth who were so receptive, energetic, 
and insistent on receiving practical information as those with whom he 
had to deal. He saw, moreover, that he could claim only a small por- 
tion of time, and still less of sustained attention, from them, since they 
must of necessity be quite absorbed in their professional work. And 
for this reason, undoubtedly, he made his lectures to be broad sketches 
of literature and history, rather than minute discussions of technical 
points or elaborate statements of the results of special researches, and 
endeavored by their suggestiveness, first, to interest his pupils, and, 
secondly, to teach them how to read, think, and judge for themselves. 
This end he certainly accomplished. Even the dullest and most care- 
less student was interested in what was laid before him, and to those 
more competent to appreciate the instruction offered Professor Atkin- 
son's lectures were a veritable inspiration. 

Such work as this, the conscientiously performed duties of a teacher 
in general branches, leaves little external and material evidence behind 
it to remind one of its extent and usefulness. No imposing laboratory 
or important professional course remains as a monument of Professor 
Atkinson's labors. From the very nature of the case that is impossible. 
His memorial must be sought in the influence which his own person- 
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ality and the ideas imparted by him have exerted in the formation of 
the mind and character of his pupils. And certainly there has been no 
member of the Faculty to whom our graduates and other past students 
have confessed their obligations more frequently, or with greater uni- 
formity, than to him of whom we speak, and none for whom they have 
entertained a warmer personal regard. They have always remembered 
his sympathy, his warm interest in their welfare, his constant readiness 
to help them by kind counsel, — in short, his entire friendliness to 
them, whether earlier, as pupils, or later, when they had entered into 
professional life. 

And these same qualities were always observed in his relations with 
his colleagues of the Faculty; cheerful, conscientious, pacific, holding 
before himself and all others the highest moral standards, ungrudging 
of his time and unsparing of his labor, he did with heartiness whatever 
his hand found to do, and seconded every effort whose end was to 
build up the Institute, whether it worked for or against the immediate 
interests of his department or himself. 

The Faculty are saddened by his loss. They will remember his 
labors with grateful appreciation, and cherish his memory with affection 
and esteem. 
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SOME OF THE PRESENT ASPECTS OF EDUCATION} 

BY WILLIAM P. ATKINSON, late Professor of English and History. 

[In the twenty-five years of Professor Atkinson's faithful service at the Massa- 
chusetts Institute of Technology, fully three thousand young men and women 
must have come under his teaching, and it is not too much to say that in the 
life of every one of these his was a lasting influence. 

Many of his students were, of necessity, restless under teaching not directly 
related to scientific pursuits ; ill prepared in literary and historical work, eager 
to make every moment of their Institute course of direct and tangible use, some 
of them could not appreciate the value of his instruction; but of the power 
of his personality, of his strong and elevating influence, there was, even to the 
dullest of them, no shadow of question. The genial smile of welcome, the intui- 
tive understanding of boyish doubts and difficulties, the wise and helpful counsel, 
were never wanting. 

His outlook upon life was sound and manly ; there was nothing mean, nothing 
selfish, nothing petty, about it. Fortunate is the young man who is brought, even 
for a moment, into a moral atmosphere so pure and bracing as his ! Fortunate 
are the students of the Institute's first quarter-century to have breathed this air ! 

How many of the alumni to-day, as they grow older, thank Professor Atkinson 
for showing them the right use of books ! How many more of them, unable to 
follow the lines he pointed out, are grateful for the memory of the gentle, fine, 
courageous life that closed too soon ! 

To these, " his boys," the following paper of Professor Atkinson's will be of 
especial interest ; showing, as it does, his views upon the immense changes in the 
ideas and methods of teaching which have taken place within his lifetime, and in 
which the Institute of Technology has been so directly concerned. It is a wholly 
informal lecture, somewhat curtailed, delivered by him, in 1882, before the pupils 
of the State Normal School at Westfield, Massachusetts. He had no thought 
of its publication, and, in view of the lapse of years, he would undoubtedly have 
been unwilling to print it. It is so characteristic of him, however, and so full of 
interest, that, with the authority of his family, it has been decided to present it 
almost as it was written, and, necessarily, without the benefit of revision and cor- 
rection by its lamented author. 

It should be borne in mind, in reading the paper, that it was written eight 
years ago, and was addressed to a special audience of future teachers. — Ed.] 

When, the other day, I had the pleasure of receiving the invitation 
to address you on this occasion, and sat down to bethink me on what 
subject I should speak, I made an unpleasant discovery. I found that 

1 An Address to the Graduating Class of the Westfield State Normal School, June 
27, i88a 
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it was a great while since I had spoken at Westfield, and that mean- 
time — as indeed many other things continually remind me — I had 
been growing old. I discovered that, in fact, I had become a veteran, 
going to address an audience for whom I ought to have some words 
of gray-haired experience. Now this part of veteran is a part I do 
not very well know how to play. In spite of the irrefragable testi- 
mony of the family Bible, I cannot for the life of me feel old. It is 
one of the privileges we teachers enjoy, that, living and working as 
we do among the young, we need not grow old so fast as other 
people. Nevertheless, however young I may be in feeling, I cannot 
but remember that it is now more than forty years since I, a mere 
youngster who ought to have been at school, was tumbled out of 
college with what was ridiculously called a liberal education, — tum- 
bled out into this hard world, with hardly a penny in my purse, 
to scramble for a living as best I might in the capacity of a teacher. 
A teacher, Heaven save the mark! Why, it was at an age when boys 
nowadays are just leaving school to enter college, and you may 
conceive what the stock in trade of wisdom must have been with 
which I first set up in the business of educating my generation. 

It was the unpleasant recollection of how many years ago that 
was which ca*me over me when I sat down to consider what I should 
say to you to-day. It was the feeling that, whether I had it or not, 
I ought at least to have gathered since that far-off day some wisdom 
from experience to bestow on my younger brethren and sisters in 
the profession, which determined me to try to give you some of my 
own views of the progress of education in my time. I shall not be 
afraid of appearing egotistical, for I feel nowhere more at home than 
when addressing an audience of teachers, and for many years I have 
had the great and genuine pleasure of being a frequent lecturer in 
normal schools. 

It was with nothing less, therefore, than a strong feeling of per- 
sonal interest that I accepted the invitation to say a few words to you 
to-day, and determined to speak of some of the changes in the 
educational world which have taken place since I, a very green 
youth, first became a teacher. Of what may be called the petty 
politics of the educational world I have nothing to say, for I have 
long been out of them, though in past times I have served my turn 
on school committees and in the editor's chair. It is of the great 
secular change that has been slowly going on within my time in 
the whole philosophy of education that I would rather speak, — a 
change which, whether we are conscious of it or not, has been slowly 
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shifting the very foundations of the educational structure, and which 
can be compared in its importance only with that other great change 
of educational base which came about in the fifteenth century as 
the result of what we call the Revival of Learning. I shall begin by 
inquiring into the nature and extent of this change, whose progress 
has been about coeval with my experience as a teacher, for I have, 
as becomes a veteran, some views of my own about it, — views which, 
as perhaps also becomes a veteran, become somewhat more con- 
servative, rather than more radical, as I grow older. 

Of course, in speaking of the great change which has come over 
the methods and the philosophy of education, I refer first and fore- 
most, though by no means altogether, to the potent influence of 
that vast new factor, modern physical science. Every great period 
in educational history is characterized by the predominance of some 
study, or some group of studies, as its chief instrument of culture. 
During the Middle Ages it was the scholastic philosophy. When 
the great Reformation of religion had forever broken the power of 
the mediaeval Church, of which the scholastic philosophy was the 
educational instrument, the revival of learning brought to the front 
those newly discovered treasures, the languages, the literatures, and 
the art of ancient Greece and Rome; and what potent civilizers 
these were, what an incalculable debt the world owes them, a debt 
of mental training and mental discipline, a debt of refinement and 
elevation and enlargement of mind, is obvious to the most superfi- 
cial student of history. But no one who watches the signs of the 
times can fail to see that the period of the predominance of classi- 
cal studies has fully come to an end, and that we are fast entering 
upon an entirely new phase of educational development. Let us in- 
quire what connection it has with our own educational history. 

When our fathers emigrated to this country and laid the first 
humble foundations of our higher institutions of learning, they were 
concerned to provide first and foremost for the deepest of all human 
interests, — for that interest a care for which had led them to brave the 
perils of the wilderness, — the interest of Religion, in that form which 
they conceived to be the only true one. This once provided for, 
their only conception of the higher education was, as was inevitable, 
the conception they had brought with them from the Old World that 
a liberal education, so far as it was not religious, could be based 
only on the study of the Greek and Roman classics. Just as their 
religious creed was the legacy of the great Reformation, so their 
conception of the higher education was the legacy of that revival 
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of learning which was coeval with it. This higher education, too, 
was in their old home the monopoly of privileged classes : first, of the 
clergy, the only educated class of the Middle Ages; next, of the law- 
yers ; and finally, when medicine had outgrown the control of barber 
surgeons and old women, of the doctors. Along with these in the 
home from which our fathers came were to be reckoned, by virtue 
of their feudal rank, the titled aristocracy who in their youth resided 
and were supposed to study at Cambridge and Oxford. 

At first it was hidden from their eyes that this fifteenth century 
scheme was to prove altogether inadequate and unsuitable to the 
wants of the giant young republic they were unconsciously founding. 
In entire good faith they set to work to lay the foundations of 
their future Oxfords and Cambridges on the good old pattern; in 
good faith they endowed, in the good old way, the future Etons and 
Harrows and Westminsters which were to supply them; let us be 
thankful to our fathers for their generous care for learning. New 
England owes them a debt for the founding, in their day of small 
things, of her colleges and academies, which can never be repaid. 
These are what more than all else have given to New England her 
intellectual supremacy. To expect their founders to anticipate all 
the educational wants of the coming generations would be to expect 
a miracle. And yet they did partially anticipate those wants; for 
side by side with this old-world provision for the higher learning 
they planted the free common school for the education of the 
people. True, they were not free from that class bias which distin- 
guished betweeh the aristocratic and the plebeian in education. It 
was not till long after that a younger than any of the New England 
States ventured boldly to incorporate her University into her public 
school system. The aristocratic distinction of caste long hung about 
New England. The attempt is still made to galvanize her old acade- 
mies into new life, and to make them the exclusive feeders of her 
colleges, — her common high schools are still looked upon in some 
quarters as belonging to an inferior order. I do not think that any 
one nowadays goes quite so far as that sturdy old Tory of a hun- 
dred years ago, Dr. Johnson, and is of opinion that it is not right, 
as he says, to teach reading beyond a certain extent in society. 
A hundred years has carried us beyond that, but plenty of Tories 
may still be found who doubt whether it is quite right to incorpo- 
rate the higher education into our public school system, — whether 
the common people in their common schools have properly anything 
to do with culture. 
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On the other hand, a new principle has been steadily gaining ground 
among us, and that is, that in a republic like ours the higher and the 
highest education equally with the lower should be the care of the 
whole people and open to the whole people, — that this distinction of 
caste in education, this gulf between privileged and unprivileged, 
aristocratic and plebeian, is as much out of place in our educational 
as it is in our political arrangements, — that the higher education of a 
republic can no more be permanently managed rightly by sects or 
cliques or close corporations than can her politics, but is equally to 
be the care of the nation, — and, furthermore, that that higher educa- 
tion can no longer remain the monopoly of a few so-called learned 
professions. What marks the period of my experience in teaching 
seems to me to be just this struggle between the old and the new 
principles, the old principle steadily losing ground, the new principle 
steadily gaining. There has been, for instance, during that period a 
^ steady growth and progress in our public high schools, a steady de- 
cline in the relative importance of endowed academies. Colleges flour- 
ish in our land just in proportion as they partake of the new spirit 
of the times; and new instrumentalities, such as normal schools and 
technical and scientific schools and colleges, have come into being, 
which in my judgment have a great future before them. 

In education we are everywhere encountering absolutely new wants, 
are face to face with absolutely new problems. How shall we meet 
them? By overturn? by revolution? by denying all the principles on 
which our fathers built, and ignoring all that we have inherited from 
them ? Thus the mad French Revolutionists began with a new Year 
One, and set up a new worship of the Goddess of Reason. Thank 
Heaven, that is not the Anglo-Saxon way! The Anglo-Saxon way, 
when the inevitable progress of time brings some new element into 
the social problem, is to ask what is the minimum of change which it 
requires, — is to assume that we solved the problem correctly as far as 
our light went. If now a new factor appears, let us thankfully accept 
the correction it requires, thankfully adopt this new approximation 
toward an accuracy that can never be completely attained, but let 
us not in our haste say that wisdom was born with us, and that all 
that went before us is error. 

It is this position that I have maintained from the outset in regard 
to that controversy of ancient classics versus science, a controversy 
which really lies very near the heart of all our educational discussions. 
If in mentioning this controversy I seem to you to bring up a thread- 
bare subject, and one on whi9h I have uttered myself by voice and in 
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print many times before, it is because I think it is a vital question, — a 
question that must come up again and again till we all reach a Anal 
agreement Let me try, in a few words, to give you my idea of the 
point at which the discussion stands at the present moment. 

The so-called classical and scientific question is only the name of 
one branch of a much deeper controversy which covers the whole 
ground of life and education, — it is but one phase of the struggle 
between Humanists and Realists which began in the fifteenth century. 
There are two, and only two, great divisions of studies, in one or the 
other of which all branches of human knowledge may be included, — 
the study of mind and the study of matter. How vain it is to attempt 
to form a complete education out of the exclusive study of either of 
these can best be learned by observing the effects of such exclusiveness 
on those who have tried the experiment. But the peculiarity of the 
educational situation of the day in which we are living is this, — that 
almost within the recollection of a teacher no older than myself a vast 
new body of physical knowledge has been poured out upon the world, 
which is not only of the highest importance to man's material well- 
being, but which furnishes a vast new field for the exercise of his 
highest intellectual faculties. Is it possible that an educational system 
organized before this body of knowledge came into existence can 
tranquilly move on in its old course precisely as though this new 
knowledge were non-existent? Let the lamentable history of some of 
our older institutions of learning, and the ill success of some of the new 
which have striven to ignore the situation, answer. Not to refer to our 
own experience, I lately had occasion to examine, as far as limited 
evidence enabled me to do so, into the condition at the present moment 
of those nine or ten great, old endowed schools of England which are 
usually, but very falsely, supposed still to represent her school education. 
In every instance, I found that those schools in the twenty years since 
I had once before attempted a similar examination through the printed 
evidence of a Parliamentary inquiry had flourished just in proportion 
as they had introduced the modern element into their teaching, while 
the one which had most successfully resisted it, old Westminster, was 
virtually in a moribund condition. I found, further, that in England 
new schools were everywhere growing into vigorous life without the 
prestige of the ancient name and the power of the accumulated wealth 
of Eton and Harrow. I was even led to doubt whether the great 
Victoria University, in the heart of busy, manufacturing, middle-class 
Manchester, was not rapidly becoming a far truer representative of 
the higher education of England than Oxford and Cambridge, with their 
crumbling towers and their picturesque antiquity. 
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But into this question of organization I will not now enter, for I want 
to ask a question that lies behind it. What part is this great, new factor 
of modern physical science to play in the education of the future? 
The day of the exclusive predominance of the ancient classics in our 
higher education is obviously at an end. Are classical studies to be 
abolished in favor of this gigantic intruder, or can some modus vivendi 
be established whereby the claims of both may be acknowledged? 
The first and crudest effort of this kind has been made in the attempt 
to add physical science in all its length and breadth to the old curricu- 
lum of higher study without any modification of the old curriculum 
itself. If the scheme of entrance examinations now in force in some of 
our older colleges be examined, it will be found that, while the old drill 
in the classical grammars is imposed on the preparatory schools and 
their teachers with even more than its ancient rigor, the demand is 
made for a show at least of elementary scientific knowledge, while the 
pressure of the spirit of the times has, in another direction, been so 
overwhelming, that the candidate once within the college doors is per- 
mitted to throw classical studies to the. winds, and is given unlimited 
freedom of choice among all possible subjects of human inquiry. A 
more unlucky system, it seems to me, than this forced combination of 
all that is worst in the old methods with all that is most crude and 
superficial in the new, can hardly be imagined. It is one of those 
illogical compromises which mark a transition period, when the ad- 
herents of antiquated methods are slowly and unwillingly yielding to 
the pressure of the times, and all the more unwillingly because the 
adherents of the new ideas are so apt to be extravagant and unrea- 
sonable in their aggressiveness. 

And extravagant and unreasonable in their aggressiveness, I myself 
think the adherents of modern scientific studies are often apt to be, 
raising thereby a needless prejudice against a cause which, taken on its 
true merits, has the justest and most reasonable claims on the atten- 
tion of every teacher, and on no class of teachers a stronger one than 
on the teachers of our public schools. For this question of physical 
science versus classical studies is no question for colleges and acad- 
emies merely, — it is a question which touches the best interests of all 
education, from the highest to the lowest Unless we are prepared to 
accept the old-world distinction of aristocrat and plebeian in education, 
we have got to look it in the face as a part of the problem of national 
education, — a problem in whose right solution the humblest teacher in 
a village primary school has a direct and personal interest. For if I 
have one educational belief on which I feel more certain than on any 
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other, it is that sooner or later, and however far off the day may be, 
the education of this country will be all of one piece, constituted from 
top to bottom on one system, and that the only system worthy of a 
self-governing people, the broadest and most republican. However 
temporarily useful the relics of mediaevalism may be, American educa- 
tion can never be permanently organized on mediaeval, eleemosynary 
foundations. 

Overlooking, then, the temporary confusion which reigns in our 
courses of study, the temporary alienation from popular sympathy 
of some of those higher institutions of learning which ought to be 
pioneers and guides in every new departure, I wish to ask what sig- 
nificance this question of the true place of physical science has for 
our public free schools; — a very momentous question, because, in my 
judgment, our public free schools are the foundation on which the 
whole fabric of American education is ultimately to rest. Now I said 
a few moments ago that I was myself a conservative. A teacher now 
for seventeen years in a scientific college, but not myself either a 
student or a teacher of physical science, — brought up myself by the 
most rigorous classical method, and for a good many years of my life 
a teacher of the classics, — I have had perhaps exceptionally good op- 
portunities for viewing the question impartially from both sides, and 
I have come to two very definite conclusions as the result of this ex- 
perience. I am persuaded, first, that the influence of modern science 
is bound within not a long period of time to recast and reorganize the 
whole method and spirit of our public school education, from the 
infant school upwards to the high school and the college; and, sec- 
ondly, I am not less strongly persuaded that scientific studies alone 
can never constitute a true or a perfect education. Let me say a word 
on each of these points. 

First, I say that the influence of the modern scientific spirit is bound 
within not a long period of time to reorganize the whole method of 
our public school education. And this I believe for two reasons, and 
I will give you the less important first. The less important ground 
for the immediate recognition of physical science as a far more impor- 
tant factor in our system of public school study than it is at present, 
or than it has heretofore been, is its overwhelming practical importance 
to the material interests of this great and growing country. Why, our 
public schools are not doing a tithe of what they ought to do in help- 
ing to develop the material interests of the country. Those material 
interests have grown into such vast proportions, — manufacturing, min- 
ing, commercial enterprises are carried on upon so vast a scale, — our 
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railways and telegraphs, our great Western farms, our mines of minerals 
and of coal, our great and ever-growing manufacturing interests, — I 
would add the interests of our maritime commerce, if a stupid and false 
economic system, a monument of our popular economic ignorance, had 
not destroyed it, — I say all, or almost all, these great interests are 
expanding into such gigantic proportions that it becomes a question 
of the greatest importance what our public schools are doing for their 
furtherance. It is too plain for argument that the well-being of the 
country requires its scientific education to keep pace with this gigantic 
development of its physical resources. 

Now for seventeen years I have been one of the examiners of can- 
didates for admission to the scientific college in which I teach. I 
have only just come from sharing in the examination of one hun- 
dred and fifty such candidates of the average age, as I found, of a 
little more than eighteen years. And these candidates have come 
from high schools and academies in all parts of the country. The 
papers we have been examining are set to test the qualifications of 
these eighteen-year old candidates for entering on a course of scientific 
study as a preparation for taking responsible positions in practical life, 
such as require a preparation of scientific knowledge, — as chemists, 
as architects, as mining, mechanical, and civil engineers, as naturalists, 
and last, but not least, as practical men of bushiess to superintend and 
guide manufacturing and commercial enterprises. What is the story 
that these papers teach us? Is it that our public school system, from 
the primary up to the high school, is thoroughly organized as it should 
be to meet this great practical want of the nation? Do our examina- 
tion papers show us that there is a practical vitality in the elementary 
schooling of our boys and girls at all corresponding to the immense 
vitality of the practical life of the country into which they are so soon 
to enter? I wish I could answer in the affirmative. Nothing is further 
from my purpose than to underrate the value of our public schools 
even as they are, and I am not unconscious of the progress they are 
constantly making. How can their importance be overrated ! Believe 
me, they are the sheet-anchor of this republic. If we lose them, if we 
neglect them, if we are unfaithful to them, we shall forfeit our free 
institutions. I think nothing less than this can be said of our public 
schools. 

And for this very reason I cannot look without alarm at the way 
in which just now they lag behind the demands that may justly be 
made on them. No, our examination papers do not tell the story 
they ought to tell of practical efficiency in our public school system 
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on the side of elementary science teaching. We cannot get what we 
have a right to demand on the part of young men and young women 
of eighteen from our public high schools, much less from our classical 
academies. More than by all other causes we are crippled in our own 
work by this want of preparation. We are forced to do the work of 
the schools, and begin with giving a belated instruction in the first 
principles of science. Many, I might say most of our students, have 
to begin with us at the very foundations of science, by training their 
eyes to see and their hands to manipulate in our laboratories, and by 
laying over again more firmly that foundation of mathematical knowl- 
edge without which no firm scientific superstructure can be built. 
And this can only be done, without overtaxing them, by sacrificing 
to a great extent those general studies which at the age of eighteen 
they ought to be pursuing, and might pursue if only their scientific 
preparation had been better. I speak from much experience here, 
for the sacrifice has to be made in the direction of the studies which 
I teach. 

What should a youth well trained in our public schools know at the 
age of seventeen or eighteen, if our public schools were all they ought 
to be? I say, that the work of scientific teaching which we are to carry 
on ought to be begun in the primary school, not by us. I say deliber- 
ately the primary school, and I add that the grammar school should 
continue it. It is as absurd that the high school should have to begin 
the work of science teaching as that we should have to begin it, as prac- 
tically with many of our pupils we really have to do. For what after all 
is elementary science teaching? Is it the cramming of hard Latin and 
Greek technical words? Is it teaching children something about a lot 
of complicated and costly apparatus, electrical machines, and galvanic 
batteries, and strange chemicals that make explosions and bad smells ? 
Such is an ignorant man's view of elementary science teaching, and 
he holds up his hands in amazement at the thought of subjecting 
the minds of children to such a strain, as he calls it, and gravely talks of 
the excellence of the good old Three R*s, and buttons up his pockets 
tight when he thinks of the batteries and the chemical smells. The 
schools cost too much now, he says, — he *11 pay no bills for scientific 
gimcracks. And if the ignorant tax-payer were right, I should entirely 
agree with him ; but in elementary science teaching such as I mean, the 
museum may be collected in the fields and by the wayside, the supplies 
can be bought of the village apothecary and the village grocer, and 
much of the apparatus can be whittled out with a jack-knife. What 
the ignorant tax-payer just now needs to learn is, that the most expen- 
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sive of all schools are just the schools which teach nothing but the 
Three R's; that the Three R*s must indeed be taught, and taught 
thoroughly, but in order that they may be taught thoroughly some- 
thing else must be taught with them ; and that that something else is 
neither a smattering of Greek and Latin grammar on the one hand, 
nor a smattering of knowledge of costly scientific gimcracks on the 
other, but some adequate and just rudimentary conceptions of this 
wonderful world we live in. How to get that sort of knowledge into the 
child's mind, how to get that sort of teaching into primary and grammar 
schools, seems to me to be the most pressing educational problem of 
the day. 

No.w I have put this question of elementary science teaching upon 
the low utilitarian ground of its mere practical importance, of its money 
value, but the question can be argued upon much higher ground than 
that. Elementary science teaching has got to be introduced into our 
primary and grammar schools because physical science is an indispen- 
sable instrument for the development of the youthful mind, and there- 
fore a true educational philosophy puts it there. Nothing is more 
absurd than the stupid and ignorant talk of stupid and ignorant people 
about the supreme excellence of the Three R*s as instruments for the 
development of the youthful mind. The schools that confine them- 
selves to the teaching of the Three R's, — and I will add to them that 
study which we are pleased to call English Grammar, — I say, the 
elementary schools which confine themselves to these studies on the 
plea of simplicity and thoroughness are really doomed to a career of 
impotence and barrenness, for their theory is directly contrary to the 
first principles of a sound educational philosophy. What is the divinely 
appointed instrument for the development of the powers of the youthful 
mind ? Leave the child at liberty to answer the question as his nature 
prompts him, and you will soon know. You will find that Nature her- 
self has appointed that it shall be the wonder and the mystery and 
the beauty of this wonderful and beautiful world in which we find our- 
selves, — a wonder and a mystery and a beauty that are stimulating his 
intellect and his feelings through every moment of the child's waking 
life, — unless by our false education we succeed in dulling all his natural 
sensibilities and destroying his natural curiosity. Is it a very hopeful 
way of helping in this divine education to shut Nature out of the school- 
room, and imprison the poor child in four bare walls with nothing but 
a spelling-book, a slate, and a grammar? But this is the good old 
method of the Three R's which has come down to us from days when 
science was unknown, and when books were held in such awe that a 
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knowledge of the art of reading was able to save a man's neck from 
the gallows. I am afraid that surer justice would be done nowadays 
by pardoning those who did not know their letters. 

I say it is this superstition that education consists solely in book 
learning, and that schools have solely to do with books, that more than 
all things else hinders our schools from attaining their full measure of 
efficiency. We must emancipate ourselves from pedantry, we must 
learn that, though it is a good thing to teach children to read, it is a 
far higher thing to teach them to thinks and that the two do not always 
go together. So far from that, the school organization may be so per- 
versely and ingeniously wrong, that the reading of books may become 
a barrier in the way of thinking; so that the more the child studies 
books in school, the less he will know to any good purpose, the less and 
not the better prepared he will be for the real work of life. It is a sad 
thing to say, but I think this condemnation must be passed on much 
that we now call school education, — that it is a thing to save a child's 
mind from, if he is ever to be good for anything afterwards. 

To my mind the situation seems to be this. A great and precious 
body of new knowledge respecting the laws that govern the material 
universe has been added to the world's intellectual treasures almost 
within the generation to which we belong; the intellectual current of 
the age runs strongly in the direction of scientific investigation; 
science imposes its methods on all the domains of thought; it is the 
educating instrument of our time, even as the new-found classics of 
Greece and Rome were the educating instrument of the times of the 
Revival of Learning. And it is met in some quarters much in the same 
way as they were. You have heard of the venerable, conservative 
ecclesiastic of the fifteenth century who preached to his flock in this 
way : " There is a new language, my children, called Greek, which 
some pestilent fellows are recommending to us. I bid you beware of 
it. It is the language of the devil, and whoever meddles with it is 
likely to go straight to hell." Such would seem to be the view of the 
venerable conservatives of our day respecting modern science. It is irre- 
ligious, it is atheistic, it unsettles the foundations of faith, — let us keep 
to the good old ways and go on mumbling our grammars. But the 
world never stands still. Each age has its own educating instrument, 
and the chief instrument of our day is that great body of new scientific 
knowledge which is its own peculiar product. 

I have thus tried to do justice to the scientific movement of our 
day as a factor in education. Let us now turn for a few moments to 
the other side. Is there not danger as well as good in that movement? 
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We need have no sort of fear, it may well be said, for the future of 
scientific education in America. The needs of this new country for 
that kind of knowledge to help in developing its vast material resources 
are so great and pressing that its future is secure. Does not the danger 
lie in the other direction, — that literary studies will be carried away 
by this rising tide of science, and so our education will get too strong a 
materialistic bias? I will not deny that I think there is such a danger, 
and I will introduce what I have to say on this point by giving myself 
the pleasure of quoting a characteristically eloquent, though character- 
istically extravagant, passage from Mr. Ruskin. 

"The great mechanical impulses of the age," he says, "of which most 
of us are so proud, are a mere passing fever, half speculative, half child- 
ish. People will discover that royal roads to anything can no more be 
laid in iron than they can in dust; that there are in fact no royal roads 
to anywhere worth going to ; that, if there were, it would that instant 
cease to be worth going to, — I mean so far as things to be obtained 
are in any way estimable in terms of price. For there are tA^'^o classes 
of precious things in the world, — those that God gives us for nothing, 
sun, air, life (both mortal and immortal), — and secondarily precious 
things which he gives us for a price ; these secondarily precious things, 
worldly wine and milk, can only be bought for definite money ; they 
can never be cheapened ; no cheating nor bargaining will ever get a 
single thing out of nature's ' establishment ' at half-price. Do we 
want to be strong? we must work. To be hungry? we must starve. 
To be happy? we must be kind. To be wise? we must look and think. 
No changing of place at a hundred miles an hour, no making of stuffs 
a thousand yards a minute, will make us one whit stronger, happier, 
or wiser. There was always in the world more than men could see, 
walked they ever so slowly ; they will see it no better for going fast 
And they will at last, and soon too, find out that their grand inventions 
for conquering (as they think) space and time do in reality conquer 
nothing; for space and time are in their own essence unconquerable, 
and besides did not want any sort of conquering; they wanted using* 
A fool always wants to shorten space and time ; a wise man wants to 
lengthen both. A fool wants to kill space and kill time ; a wise man, 
first to gain them and then to animate them. Your railroad, when you 
come to understand it, is only a device for making the world smaller; 
and as for being able to talk from place to place, that is indeed well and 
convenient; but suppose you have originally nothing to say. We 
shall be obliged at last to confess what we should long ago have known, 
that the really precious things are thought and sight, not pace. It does 



Digitized by 



Google 



Some of the Present Aspects of Education. 105 

a bullet no good to go fast, and a man, if he be truly a man, no harm 
to go slow ; for his glory is not at all in going, but in being. . . . 

" Gradually thinking on from point to point," he continues, " we 
shall come to perceive that all true happiness and nobleness are near 
us and yet neglected by us, and that till we have learned how to be 
happy and noble we have not much to tell even to red Indians. The 
delights of horse-racing and hunting, of assemblies in the night instead 
of the day, of costly and wearisome music, of costly and burdensome 
dress, of chagrined contention for place or power or wealth or the 
eyes of the multitude, and all the endless occupation without purpose 
and idleness without rest of our vulgar world, are not, it seems to me, 
enjoyments we need be ambitious to communicate. And all real and 
wholesome enjoyments possible to man have been just as possible to 
him since he was made of the earth as they are now; and they are 
possible to him chiefly in peace. To watch the corn grow and the 
blossoms set, to draw hard breath over ploughshare or spade, to read, 
to think, to love, to hope, to pray, — these are the things that make 
men happy ; they have always had the power of doing these, they never 
will have power to do more. The world's prosperity or adversity 
depends upon our knowing and teaching these few things, but upon 
iron or glass or electricity or steam in no wise." 

There is a half-truth in Mr. Ruskin's eloquent tirade, which in these 
materialistic days we must not lose sight of, — one of those half-truths 
in which Mr. Ruskin is so fond of dealing. It is wholly unjust to 
modern science to imply that its chief result is the growth of senseless 
luxury. The legitimate results of the growth of modern scientific 
study are two : first, that it affords a vast new field for the training of 
the human intellect ; and, next, that it is so cheapening the production 
of material things, that it is slowly raising the mass of men out of their 
bondage to mere bodily toil, and giving them the opportunity to lead 
the lives of intellectual and moral beings. The practical result of all 
our modern science is, after all, only to cheapen things ; but this is a 
very great result, because, by throwing the burden of production more 
and more upon the great forces of nature, it elevates the quality of 
man's labor, and by rendering life more easy throws open to all men 
advantages and privileges which were once the monopoly of the few, 
and a workingman can command to-day an education and a life which 
once a prince might have envied. With all deference to Mr. Ruskin, 
it is an advantage to us to move fast, if only we can be taught to move 
to good purpose and in the right direction. 

And to move to good purpose no wholesomer counsel can be given 
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than his, that we must learn to look beyond the mere material benefits 
which spring from modern scientific progress. We talk very glibly 
of the distinction between physics and metaphysics, but who shall 
draw the line? We can go but very little way in our study of physical 
science without encountering the profoundest metaphysical problems ; 
on the other hand, our metaphysics divorced from physics become a 
vain beating of the air, a spinning of cobweb theories. And so it 
comes about, that the last men to underrate the value of the moral 
sciences are the really great students of physical science, the last men 
to claim the domain of education as exclusively their own. The true 
spirit of modern science is a reverent spirit, recognizing, even when it 
penetrates farthest beyond the old boundaries of knowledge, the vast 
and infinite realm beyond, which no finite mind can ever comprehend ; 
the spirit which moved Newton to say that he seemed to himself but 
as a little child picking up shells and pebbles by the shore of the vast 
ocean of truth, the spirit which moved Faraday to humble and reverent 
worship, the spirit which made Darwin as cautious and truthful as he 
was profound. We can never end with the study of matter; to the 
study of matter we must add its complement, the study of man, the 
study of mind. What shall I say of this other half of the domain of 
thought, — the domain of what I have called historical or moral 
studies? The term literature is so vague and misleading that I do 
not like to use it 

Here too I have to note a great deficiency, a sad lagging behind on 
the part of our school system, a failure to meet the needs and the de- 
mands of the spirit of the age. We have not yet emancipated our 
schools from mediaevalism, made our school studies the true repre- 
sentatives of the atmosphere of thought in which we live. In saying 
this, I blame no one. So far from that, it seems to me the progress 
we are making is as great as could reasonably be expected. The 
school system of a free country can only represent the average in- 
telligence of the country. Its aim is not to raise up a literary caste, 
separated, as in Germany, by a great gulf from the unintellectual life 
of the people that surrounds it. It is far better that a nation should 
educate itself, even if it educates itself slowly, than that its education, 
whether higher or lower, should be taken in hand by a paternal gov- 
ernment, or by a caste of book men and literateurs. The education 
of a nation is a task far too great for mere bookmen. I look with 
most hope to those schools and institutions of learning which share 
most fully in the spirit of the nation, — which have grown most directly 
out of its wants, and are in closest sympathy with the social organism 
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of which they form a part. Their progress may be slow, their work 
may be modest work, but every particle of it tells. 

Now, when we survey the domain of what I have called roughly his- 
torical or moral studies, — by which I mean the whole of that group 
relating to man, his thoughts, his feelings and actions, as distinct from 
the study of the laws governing this material universe which forms 
the stage on which his mortal life-drama is enacted, — I am forced to 
note the defect that here too our schools are not yet emancipated 
from that spirit of bookishness, that spirit of pedantry, which has come 
down to us from the times when an impassable gulf lay between the 
unlearned and the book-learned. Whether we choose to recognize it 
or not, that gulf has disappeared. There are no longer any privileged 
literary classes; the ancient badges which distinguished them, the mas- 
terships and the doctorates, have become almost unmeaning; the 
work of which they used to have the monopoly is now oftener done 
outside than inside their sacred walls. The most learned history of 
ancient Greece written in England in our day came, not from Oxford, 
but from the library of a busy London banker and member of Parlia- 
ment, who had never been to Oxford or Cambridge, and who, if he 
had gone to either of those venerable seats of learning, would probably 
never have written his History. We have got to recognize the fact 
that a new era has dawned in the study of literature and history, as 
well as in the study of science, and that we teachers of literature must 
take a leaf out of the books of our scientific brethren, and learn to 
apply their methods to our own pursuits. Are we doing so, and by 
new methods putting new vitality into moral and historical studies? 
Steadily and slowly I think we are, but I am afraid only slowly. 
During the many years in which I have had the examining of the 
English entrance examination papers at our school, I note a gradual 
improvement in quality, a general rise in the intellectual level of the 
classes I have to meet. But I am almost ashamed of the papers I 
have to set. I cannot assume anything like that average level of 
literary culture which I think young men and young women of 
eighteen ought to attain at our high schools ; much less can I assume 
that anything like system or logical method prevails in literary teach- 
ing. Literary instruction at present is the very realm of chaos and 
confusion, till it can hardly be said that any two of my students have 
been trained alike. I have pupils who have wasted their school time 
in an abortive attempt to learn Latin and Greek. I have students of 
the type of the thoughtful son of a country doctor, who told me that 
as a boy he had read and pondered the miscellaneous contents of his 
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father's library in the primitive retirement of his father's hay-mow, 
and who proceeded to show in everything he did that he had pon- 
dered them to good purpose, — that hay-mow having proved to him 
a true academy. I have, on the other hand, students of the type 
of the youth who returned to me a long h'st of English classic writers 
whose works he had been put through at a high-pressure school, naively 
adding, that, if there were any studies he hated, they were rhetoric and 
literature, and who forthwith proceeded to illustrate the beauties of 
cramming by showing that he knew nothing about his formidable list 
of authors. 

However it may have been in the past, it can no longer be main- 
tained that the study of the English and other living languages cannot 
be turned into an instrument of the strictest mental discipline. I look 
upon the chaos and confusion that reigns in this most important de- 
partment of school work as the direct result of the influence of college 
classical examinations. Let these be changed by a frank acceptance 
of an equivalent for Greek, instead of the futile attempt to thrust all 
other studies into the unhappy schoolboy's course alongside of Greek, 
and a course of English study worthy of our high schools would in- 
stantly organize itself. Latin would maintain its place, but with a 
new character and added weight; the study of the living cultivated 
languages of the world would gain new dignity and importance as 
disciplinary studies ; but, above all, the systematic study of the mother 
tongue, and all the wealth of its rich literature, would take its true 
position. Then the study would be organized on true principles, 
and the breath of life would be breathed into the dreary pedantry 
of school grammars. Our eyes would be opened to the truth that we 
are born into the possession of a language and a literature second to 
no other in power and beauty, — a language that more than any other 
seems destined to be the general instrument of communication among 
civilized men. One would think that its loving study ought to be 
found at the very heart of our school system, that it ought to be the 
foremost object of our educational care; but it is not that now. 

Then, too, I think there will be a real chance for that group of stud- 
ies which, for want of a better name, I must call historical or moral, and 
for which the study of language is the preparation. I do not much 
care to describe the condition of historical study in our schools as it is 
revealed to me by my examination papers. I am almost tempted to 
imitate that famous short chapter in Horrebow on the snakes in Ice- 
land, and say there is no study of history. But then to justify such an 
assertion I should have to explain what I mean, for we all know that 
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compendiums of history are studied, and dates are learned by heart, 
and histories are sometimes read in our schools. Nevertheless, I think 
that the organization of historical studies into an instrument of real 
mental discipline is an important piece of educational work still re- 
maining to be done. I wish time^ allowed me to state what seem to 
me the main factors in the problem ; how it would involve the study 
and understanding not more of the events of remote nations and by- 
gone times than of the events of the very day that is passing over us, 
and of the great moral and intellectual forces in the midst of which 
we live; how its foundation would be laid even in school by the 
study of those very forces. I am Utopian enough to believe that the 
rudiments of governmental science, the outlines of the laws under 
which we live, the elements of that political economy in accordance 
with or in defiance of whose principles the great industries of this mod- 
ern world are carried on, — I say I believe that the rudiments of these 
apparently formidable subjects should all be taught in school, in order 
that our boys and girls may grow up intelligent citizens, capable of 
understanding the story of the past and of taking an intelligent part 
in the doings of the present. That will be the true Civil Service Re- 
form, and perhaps we shall not get it till then. But it is too late for 
me to attempt to work out this branch of the subject. It would 
require a lecture to itself. 

I cannot close this very imperfect survey of the present aspects 
of education without noting one other great step in progress which 
is big with hope for the future, — I mean the admission of women to 
all the privileges of the higher education. When we consider how 
largely the education of the young, and especially the guidance of 
those first steps in intellectual progress which are of all others the 
most important, are, and always must be, in the hands of woman, there 
can be no more hopeful sign in regard to the education of the future 
than to see that woman's right equally with man's to the advantages 
of all the highest culture the community can give is fast being fully 
recognized. And it is not only in the direction of literature, but in the 
direction of science, that I see new hope here. Women are not only 
improving, they are diversifying their education. The world is dis- 
covering that there is as great a variety of talents and aptitudes lying 
hidden in feminine as in masculine brains. And though I am not one 
of those who are for confounding all distinctions of sex in education, 
yet I am sure of one thing, that we never shall know all that woman 
is capable of doing till we have given her the amplest opportunity 
to show what she can do. It is now some years since a young lady 
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wrote us from Vassar College, where she had just graduated, to say- 
that the teaching of Maria Mitchell had interested her greatly in the 
study of physical science, and to ask the privilege of entering our 
chemical laboratory as a special student. The question of the ad- 
mission of women to the privileges of our school was fought out over 
that young lady's application, and decided in her favor. And when 
the time came for the class to graduate to which she was attached, she 
modestly asked that she might be allowed to stand all the examina- 
tions and be considered a candidate for our scientific degree. She did 
stand all the examinations and received her degree, and she has ever 
since been the efficient head of a chemical laboratory for women, es- 
tablished and equipped in connection with our school by a society 
of Boston ladies organized for the purpose of promoting the higher 
education of their sex. Since then we have never been without young 
women in our chemical and physical courses. At our recent gradu- 
ating exercises, not the least interesting or valuable paper was the 
account by a young lady of an original and elaborate series of chemical 
and microscopical investigations. 

Young ladies and gentlemen who have invited me to address you, 
in those far-off days when like you I stood on the threshold of life, 
I called myself an educational reformer, and I have no doubt I was 
often a very rash and a very hasty one. What shall I call myself now 
that my hair has grown gray? Shall I renounce the title, and fall back 
into the ranks of the reactionaries? No: you see I call myself a re- 
former still, but years and experience have taught me how hard is 
the upward path of improvement, how slow and toilsome must be all 
true progress, — much labor with seeming little result, and yet honest 
labor never in vain. Above all, I have discovered that, if we are ambi- 
tious to be world reformers, there is but one place where we can begin 
the great work, and that is at home; tljat he who would improve 
others must be in constant process of re-forming himself. I would not 
discourage you from either task. To re-form ourselves is what we 
were set on earth for, and no one can honestly and patiently set about 
that work without bringing a blessed and wholesome influence on all 
who surround him. As teachers I cannot promise that you will not 
have many discouragements and difficulties to encounter, but there is 
no occupation in which you can engage where the rewards of faithful 
and disinterested service are higher, or where there are more incite- 
ments to a true and noble life. Will you allow me to give one piece of 
parting advice? Let me counsel you, as one who speaks from a suffer- 
ing experience, to preserve your health, your bodily and your mental 
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health, — and you cannot have one without the other. The nervous 
wear and tear of teaching is very great; and better than much book- 
learning as a true capital for a teacher is the cheerfulness, the elasticity, 
the readiness of resource, which come from a sound body and a sane 
mind. Our profession suffers in no way so much as from the want of 
these. I cannot prescribe rules of hygiene for you. Let me only say 
that two great safeguards to health of body and health of mind are 
plain living and high thinking. And I should be untrue to my deepest 
convictions if I did not add, as greatest of all, that faith in God and 
that constant prayer for guidance without which, however little we 
may know about the method of its answer, I do not believe that any 
life can be completely sane or really happy. 
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THE DRY ASSAY OF TIN ORES} 

PART I. 

BY HEINRICH O. HOFMAN, Assistant Professor of Mining and Metallurgy. 

The tin deposits of the Black Hills, discovered some ten years since, 
are beginning to attract very general attention, and the question how to 
treat the ores to the best advantage has become a pressing one. No 
systematic investigation of this subject had been made until quite 
recently, when it was taken up by the Dakota School of Mines, and 
the ores tested as to their tenor and proper mode of treatment In the 
assay laboratory numerous determinations were made of the percent- 
age of black tin in the ore bodies, and of the metallic tin contained 
in it The occurrence of tin in the Black Hills being different from 
that in other parts of the world, the usual mode of procedure had to be 
somewhat modified. 

' The object of this paper is to give the results of the writer's effort to 
discover the best method of assaying the tin ores in the dry way. His 
task divided itself under three heads, in the following order : — 

I. To test the different methods of assaying purified black tin in the 

dry way. 
2 To study the influence upon the assay of the different minerals asso* 

ciated with the black tin. 
3. To find by what simple and rapid means the cassiterite could most 

effectually be freed from its gangue. 

The apparatus used was that to be found in any ordinary assay 
laboratory (the pulp-balance being sensitive to i mgr.) as it was the 
aim to furnish quick and reliable methods with simple appliances. 
That dry assays of black tin have not the same degree of accuracy as 
wet assays is well known, but they suffice for the determinations neces- 
sary in metallurgical work. If great exactness is required, recourse 
must be had to one of the two wet methods, — that of Rose (fusing 
with sulphur and sodium carbonate, and converting the insoluble stan- 
nic oxide into soluble stannic sulphide), or that of Rivot (reducing the 
stannic oxide in a current of hydrogen to metallic tin, which is then 
readily soluble). 

1 Read at the Colorado Meeting of the American Institute of Mining Engineers, June^ 
1889. 
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The cassiterite occurring in the Black Hills tin ores is quite pure, as 
IS shown by the following analyses ^ of lode tin and stream tin : — 

Lode tin : — 

Occidental Mine 9642 SnOj 

Tin Mountain 97.50 " 

First Find 94.70 " 

Stream tin : — 

Nigger Hill 92.60 " 

Nigger Hill 93 00 " 

Southern Hills 92.80 '* 

Stannite has lately been found in one locality. The cassiterite has 
an adamantine lustre, and its color varies from brown to black, the 
light varieties being rare. The minerals associated with the cassiterite 
that are of interest to the assayer are iron pyrite, arseno-pyrite, in a 
very few instances galena and blende, quartz, feldspar, mica, tourma- 
line, garnet, and columbite (tantalite). The sulphides occur rarely, 
and then always in small quantities; quartz and silicates form the 
gangue; columbite (tantalite), although sometimes found in the same 
veins, can always be separated by hand-sorting. When it has accu- 
mulated in the stream tin deposits, which occasionally happens, it 
remains with the purified black tin. Bismuth, copper, and tungsten, 
which occur frequently in the deposits of other countries, are found 
very sparingly. 

I. The Assay in General. 

Tin that is to be assayed in the dry way must be present in the form 
of oxide. The assay proper consists of applying in a crucible at a 
high temperature reducing and fluxing reagents, which bring the stan- 
nic oxide to the metallic state and convert the gangue into a liquid 
slag. The behavior of stannic oxide and of metallic tin at an ele- 
vated temperature causes, however, certain difficulties, which make 
the results often less accurate than could be desired. These diffi- 
culties are : — 

First. That some of the resulting metallic tin is liable to be vola- 
tilized. 

Second. That metallic tin decomposes the alkali carbonates used as 
fluxes, forming stannates, which enter the slag. 

Third. That at the temperature required to reduce the stannic oxide, 
other metallic oxides become also reduced to the metallic state and 
alloy with the resulting tin button, and vitiate the assay. 

1 Transactions of the American Institute of Mining Engineers, Vol. XVII. pp. 595, 596. 
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Fourth. That sulphates are reduced, or, if sulphides are present, 
they combine directly with the metallic tin and carry it into the slag. 

Fifth. That the gangue in the ore is always siliceous. This causes 
loss, as the stannic oxide, while passing through the intermediate state 
of stannous oxide, combines with silica and silicates. 

Sixth. That stannic oxide is liable, before its reduction has begun, 
to combine with the basic fluxes used in assaying and form stannates. 
This liability increases as the quantity of the flux is increased. 

Thus it will be seen that the results can be too high (as when iron 
enters the tin button) 6r too low (as when tin is carried off in the slag 
as stannate, sulphide, or silicate), and that all impurities should be 
removed, if possible, before the actual dry assay takes place. The 
making up of the charge must also be regulated to counteract as much 
as possible the bad influences of the basic fluxes. 

The crucibles used in assaying tin ores are the ordinary clay cruci- 
bles, the plumbago crucible, and the porcelain crucible. The naked 
clay crucible has the disadvantage that the basic fluxes attack the clay 
and form silicates, which are liable to slag some of the tin. From the 
results obtained by the writer, it would seem that the material of the 
Battersea crucibles used by him must have been much better than that 
of the crucibles referred to by Berthier,^ as no appreciable loss resulted 
from their use. P. Ricketts^ recommends the lining of the crucible 
with chalk. This is probably to avoid the action of the basic fluxes 
on the acid material of the crucible, as the calcium oxide, being a 
strong base, protects the clay of the crucible from the corrosive action 
of the alkali, and thus hinders the formation of an alkali silicate. An 
outline of his method having been obtained from Dr. Ricketts, the lin- 
ing was made from the so-called " prepared chalk " of the druggist in 
the following manner. The prepared chalk was mixed with water in an 
enamelled iron dish to the consistency of cream. It was then allowed 
to stand, that the coarse, gritty particles might settle and collect at the 
bottom. The chalk emulsion, now freed from impurities, was poured 
off" and was ready for use. To line the crucible, it was half filled 
with the chalk mixture, the upper half being coated by giving the 
crucible a rotary motion, after which the excess of the liquid was 
poured off". The crucible was then placed bottom up for five minutes 
to drain, after which it stood for two hours to dry, and was then ready 
for use. The coating obtained was thin, uniform, and smooth. If the 
crucible be filled entirely with the mixture, and this be allowed to 

1 Traits des Essais par la Voie Siche, Li^ge, 1847, Vol. II. p. 485. 
* Notes on Assaying, 8th ed., New York, 1886, pp. 88, 89. 
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remain a little while before being poured off, the coating will be less 
uniform on the sides, part of the naked crucible will be exposed, and 
the lining at the bottom, being too thick, will crack when it dries. If a 
greater thickness is wanted than can be obtained by one coat, It can 
only be properly put on, a layer at a time, as above, until the desired 
thickness is reached. The effect of the lining was disappointing; it 
did not, as will appear later, prove useful, but rather the reverse. 

Another highly recommended lining is one of charcoal. The fluxes 
do not act chemically upon it, and its reducing power makes it un- 
necessary to add any charcoal to the assay ; a reducing atmosphere is 
kept up during the entire operation. Berthier ^ states that he obtained 
4 per cent more tin in a brasqued crucible than in a naked one, al- 
though even then he recovered 2 per cent less tin than was present 

The following method of brasquing, which differs somewhat from 
any of those described and recommended in the books, proved the 
most satisfactory. Pine charcoal is pulverized and screened through a 
40-mesh sieve ; the fine powder is then mixed with molasses and water 
in a suitable flat dish, and kneaded with the fingers until a homogene- 
ous mass is obtained, which, when squeezed in the hand, coheres into a 
lump, and has not sufficient moisture to adhere to the hand. 

Different proportions of molasses — the ordinary New Orleans mo- 
lasses being used — and water were tried. Molasses alone with char- 
coal gave a sticky, shiny mass, which cracked on the sides and bottom 
of the crucible as it dried ; two parts by volume of molasses and one of 
water behaved better, only the bottom cracking ; three parts of mo- 
lasses and one of water gave the desired mixture. 

The crucible is moistened by dipping into water and quickly remov- 
ing it It is then partly filled with the charcoal paste, and this is pressed 
with the fingers against the sides and the bottom, a slight excess of 
material being used. Then a conical wooden plug, which has been 
dipped in water, is forced by hand into the charcoal paste and turned 
round and round, the excess escaping over the edge of the crucible. 
A few light taps with a mallet help to make the lining more compact 
The wooden plug has a mark, and when this reaches the upper rim of 
the crucible the plug is withdrawn with the same rotary motion with 
which it was forced in. It has the form of a long cone, the point being 
slightly flattened. Its size is such that when forced into the crucible 
down to the mark, the lining at the bottom will be ^ inch thick. 
This thickness decreases until near the upper edge of the crucible, 
where it is only \i inch. It is then rounded off until even with the 

1 Traits des Essais, 1847, Vol. II. p. 485. 
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inner edge of the crucible, and the sides are polished with a strong 
test-tube to prevent any particles of tin from adhering, and to obstruct 
the filtering of fluxes through it. In drying, it is best to place the 
crucible upside down ; otherwise the lining is liable to separate from 
the wall, especially if it dries too rapidly. When a little skill has been 
acquired, it takes four and a half hours, including the preparation of 
the mixture, to line fifty Battersea crucibles, half of size F and half of 
size C. 

It will be seen that this lining is quickly made; it dries quickly 
without cracking, and is hard when dry. After being in the fire, it is 
readily removed from the crucible, which can be used again, and is so 
compact and hard that it is difficult to break the thin upper edge 
with the fingers, while the thick lower part has to be broken with the 
hammer. 

In summing up the subject of brasqued crucibles, it may be said that, 
although charcoal linings are perfect from a chemical point of view, 
their use has practical objections because of the separating of fine tin 
from fine slag in the pan. The results to be described will show that 
crucible linings are, in fact, unnecessary. 

The plumbago crucible stands between the naked and the brasqued 
crucibles, for while the action of the fluxes on the clay is weakened by 
the plumbago, the neutral character of the latter is slightly modified by 
the clay that binds it together. Plumbago crucibles are frequently 
used in the Cornish assay, but we shall see that this method is unre- 
liable, and, as the plumbago crucible is expensive, more need not be 
said about it. 

Finally, the porcelain crucible used by Levol has the same disadvan- 
tages as the naked clay crucible, although in a less marked degree. 

II. Preparation of the Ore for the Experiments. 

The more representative lode tin not being available in sufficient 
quantities to be made the basis of the following experiments, stream 
tin from the Nigger Hill district had to be resorted to. The cassite- 
rite of the Bismarck district would have been the most desirable of all, 
as it is the purest. It is found in quartz, and has comparatively no 
deleterious minerals occurring with it. This makes the separation of 
black tin from the gangue simple and perfect. The other lode tins, 
as well as all the stream tins of the Black Hills, have a number of 
minerals occurring with them which are difficult of removal; for in-^ 
stance, garnets. 
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The first pulverizing of the ore was performed with the distance of 
^ inch between the faces of the sample-grinder. The crushed ore was 
then screened through a 40-mesh sieve. At the second grinding the 
faces of the machine were brought somewhat nearer together, and 
the sifting afterwards repeated. The operation was continued until 
the ore had all become fine enough to pass through the sieve, with the 
exception of some mica, which was thrown out. This gradual method 
was used in order to prevent the cassiterite from becoming too fine, as 
a large amount might thus have been lost in the washing of the ore. 
The pulp obtained was then roasted in a muffle to decompose any sul- 
phides and arsenides that might be present. After roasting, and while 
still hot, it was thrown into cold water, to make silicates, not otherwise 
attacked by acids, decomposable. It was also hoped that the cassite- 
rite might thus be made more readily reducible, an expectation which 
the event fulfilled. The ore was now boiled with nitro-hydrochloric 
acid, to remove all soluble metallic compounds; this was continued 
until no more iron was perceived to go into solution. The ore was 
then washed with hot water and transferred to the gold pan, where the 

Table I. 



Passed through 
sieve No. 


Remained on 
sieve No. 


Grams. 


Percent 


40 

60 

80 

100 


60 

80 

100 

. . 


90 

80 

65 

265 


18 
16 
13 

53 


•• 


•• 


500 


100 



panning was carried on irrespective of the loss of some fine tin which 
floated off with the tailings, giving them a chocolate-brown color. As 
the main object was to obtain a pure black tin, the loss was unavoid- 
able. The panning was continued until no more impurities were visible 
to the naked eye ; under the microscope, however, particles of garnet 
with a little quartz were still visible. The black tin obtained was dried 
and intimately mixed by passing it repeatedly through a 20-mesh 
screen and rolling it on glazed paper. The now uniform ore was 
sampled down, and the final average sample pulverized in an agate 
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mortar and put aside for chemical analysis. The weight of the purified 
black tin obtained, which was to form the basis of the experiments, was 
7,968 grams. To find the size of the different particles, 500 grams 
were taken and screened through different-sized sieves. The result of 
the mechanical analysis is given in Table I. 

The very brittle character of the cassiterite will be seen from this 
table, as S3 per cent of the entire ore passed through a sieve of icxd 
meshes to the linear inch, although, as has been said, the greatest 
care was taken to grind in such a manner as to produce as small an 
amount of slimes as possible. 

III. Analysis of the Purified Black Tin, 

In making the analysis of the average sample of the purified black 
tin, the Rose method was followed, as modified by Chauvenet, who 
substitutes potassium carbonate for the sodium carbonate commonly 
used. Two separate determinations were made, taking 0.5 gram in 
each case with 3 grams of a mixture consisting of equal parts of po- 
tassium carbonate and sulphur, and fusing in a No. I Royal Berlin 
porcelain crucible. The first sample was heated three quarters of an 
hour over a Berzelius alcohol lamp, and then for the same length of 
time over a gasolene lamp, after which the fused mass was treated with 
water in a beaker. Brown, gritty cassiterite now became visible at the 
bottom, showing that the decomposition was incomplete. The soluble 
potassium sulphostannate was then filtered off, and the filtrate acidu- 
lated with sulphuric acid and put aside ; the residue on the filter was 
treated with hot dilute nitric acid, and the iron, manganese, and lime 
solution also kept. The residue was again fused with potassium car- 
bonate and sulphur, but in a different way. The No. I porcelain cru- 
cible was placed within a No. 3 porcelain crucible, and this within a 
No. 6 plumbago crucible, the bottom of which had been filled with 
refractory material, that the porcelain crucible might be nearly as high 
as the plumbago crucible. The three crucibles were then each covered 
with a lid, and the fusion performed in a pot-furnace, heated with 
anthracite coal at a moderate red heat. This lasted one hour. The 
fused mass was then treated as before, and the resulting decomposition 
found to be perfect. The fusion for the second analysis was made 
directly in the three crucibles, and was complete in one operation. To 
make sure of this, the fusion was repeated, and, on acidulating the aque- 
ous solution with sulphuric acid, the precipitate was found to have the 
milky white color of sulphur. 
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The reason that the first fusion over the gasolene lamp was not suc- 
cessful, although prolonged until the fused mass became dry, must be 
sought in the fact that the air was imperfectly excluded. By fusing in 
a crucible which is enclosed in others, this exclusion can be entirely 
accomplished ; in fact, upon removing the outer lid when the crucible 
had been taken from the fire, but had not yet cooled, a strong odor of 
sulphurous acid was perceived, showing that not only had the air been 
excluded, but that the fusion had taken place in an atmosphere of 
sulphur.^ 

The analyses were both made by the usual methods for separating 
iron, manganese, and lime, and the results corresponded so closely that 
they can be expressed by a common average : — 

SnOg 86.24 = 67.84 Sn 

FeoOg 2.62 

Mn^Oj 0.50 

CaO 0.66 

MgO trace 

Insoluble 9.39 

99^41 

If this be compared with the analysis of the purest crystal of Nigger 
Hill stream tin ^ that could be found, — 

SnOa 93.06 

FejOs 3.08 

Insoluble 3.90 

100.04 

it will be seen that the cleaning of the stream tin, as described above, 
was very successful, the ore sample showing only 2.4 times as much 
insoluble residue as the crystal. 



IV. The Assay in Detail. 

The different methods of assaying black tin in the dry way may be 
grouped under two heads : — 

A. Those which aim at finding the actual amount of tin contained in 
the ore. 

B. Those which determine approximately how much metallic tin can 
be recovered by treatment on a large scale. 

1 This use of the three crucibles was suggested by Dr. W. P. Headden, Professor of 
Chemistry at the Dakota School of Mines. 

' Report of the Dakota School of Mines, 1888, p. 142. 
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The first class divides, according to the character of the resulting 
metal, into methods («) yielding a button of metallic tin, and those 
(^) yielding an alloy of tin with copper or iron. 

Class A (a). 

I, TAe German Method of Assay. — This method, as given by Kerl ^ 
and by Balling,^ is as follows : — 
■ Five grams of ore are intimately mixed with 0.75 to i gram of 
charcoal dust, and charged into a clay crucible; on top are placed 
12.5 to 15 grams of black flux (or the substitute, 2 parts of potassium- 
sodium-carbonate and I part of flour), with I to 1.25 grams of borax 
glass, then a salt cover, and, finally, a piece of charcoal. The crucible 
is covered, heated in a muffle or a pot-furnace at a moderate, grad- 
ually increasing temperature, until the boiling has ceased, and then 
for from half to three quarters of an hour at a white heat The cru- 
cible is removed from the fire, broken when cool, and the tin button 
weighed. 

The process that takes place is simple. With the gradually rising 
temperature the tin becomes reduced to the metallic state by the char- 
coal, with which it has been intimately mixed, while any ferric oxide 
contained in the cassiterite will be reduced only to ferrous oxide and 
taken up by the slag. At a certain stage the black flux, or the flour 
of the substitute, becomes decomposed, the result being that finely 
divided carbon is uniformly distributed through the flux. This hinders 
any particles of stannic oxide from combining with the alkali when 
fusion begins, and assists the reduction of particles of ore that have not 
been completely converted into metal by the charcoal. The active 
fluxes — potash, soda, borax — combine with the gangue contained in 
the ore and form a slag ; the neutral salt cover assists in making the 
slag liquid, and thus favors the collecting of tin particles and prevents 
prills from adhering to the sides of the crucible ; the charcoal finally, 
being slowly consumed, furnishes the reducing atmosphere above the 
charge. When the reactions have taken place and the fusion has 
become tranquil, the different parts settle according to their specific 
gravities : at the bottom, the tin button ; next, the borax slag ; above 
this the salt slag; any unconsumed charcoal remaining on top. 

In carrying out the assays the above method was closely followed. 
The crucibles were size F, of the Battersea make ; the charcoal was 
made to pass a 40-mesh sieve before it was mixed with the ore ; the 

1 Metal] urgische Probirkunst, Leipsic, 1882, p. 412. 
^ Die Probirkunde, Brunswick, 1879, p. 391. 
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black flux substitute — 2 parts of potassium carbonate and i part of 
flour, to which I gram of borax glass had been added — was used 
for flux. 

The charge melted readily, and the slag was very thin, showing when 
cool a smooth surface. The crucible was not corroded by the fluxes, 
and no particles of tin were visible at the sides. On breaking it, the 
salt slag separated readily from the borax slag, the former being 
coarsely crystalline and brittle. It had a resinous lustre, was subtrans- 
lucent, and of a dark purple color. This color must be attributed to 
finely divided carbon resulting from the charcoal on top. On dissolv- 
ing the slag in water, a fine black slime remained. This proved to be 
pure carbon, and the solution showed only a trace of iron. The borax 
slag was vitreous, hard, subtranslucent, and olive-green. The button 
separated well from the slag, was white, bright, easily cut, and malle- 

Table II. 



No of 
Assay. 


Resulting Tin. 


Total. 


In Button. 


In Scales. 


In Siftings. 


1 


Grams. 
3.379 


Percent 

6758 


Grams. 

3.37 


Per cent. 
67 40 


Grams. 
• • • • 


Percent 

.... 


Grams. 


Per cent 


2 


3.379 


67 58 


337 


67.40 


• • . a 


.... 


.... 


.... 


3 


3.379 


67.58 


337 


67.40 


. • • . 


.... 


.... 


.... 


Average 


3379 


6758 


3.37 


6740 


0.001 


0.02 


0.008 


0.16 


4 


3.380 


67.60 


3.31 


66.20 


.... 


.... 


• . . . 


.... 


5 


3370 


67.40 


3.30 


66.00 


.... 


.... 


.... 


.... 


6 


3.370 


67.40 


3.30 


66.00 


• . ■ • 


.... 


.... 


.... 


Average 


3.373 


67.46 


3.303 


66.06 


0.015 


0.30 


0.055 


1.10 



able; scrapings were not attracted by the magnet, showing the ab- 
sence * of iron. The tin, however, did not all collect in the button, as 
usually happens with tin assays. Prills remained suspended in the 
slag, and some adhered to that part of the crucible in contact with it. 

* Berthier, Trait^ des Essais, 1847, Vol. II. p. 473. 
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In the assays, the salt slag, the borax slag, and the lower part of the 
crucible were ground together and screened through a 40-mesh sieve. 
The scales of each set of assays were weighed together, and the fine 
pulp of the same set panned, and the resulting fine tin weighed. It 
seemed advisable to do it in this manner, because the amount of scales 
and siftings in the separate assays was so small that it might easily 
have caused an error in the results. 

If the percentage of tin recovered in the assays Nos. I, 2, 3, 67.58 per 
cent, and in Nos. 4, S, 6, 67.46 per cent, be compared with the actual 
amount of tin present, 67.84 per cent, it will be seen that the results 
obtained by this method are all that could be desired. The two aver- 
ages differ only by 0.12 per cent, which is also very favorable. That 
assays Nos. i> 2, 3 agree accurately is mere accident. It will be seen 
that 67.40 per cent collected in the button, and that only 0.28 per cent 
was scattered through the slags and adhered to the crucible. Assays 
Nos. 4, 5, 6 agree within 0.2 per cent. Less tin was collected in the 
button than in Nos. i, 2, 3, and the total result is slightlv lower, although 
still very good, i. e. accurate within 0.5 per cent. 

Table III. 



No. of 
Assay. 


Retolting Tin. 


Total 


In Button. 


In Scales. 


InSiftiogB. 


7 

8 


Grams. 
3.320 

3.310 


Per cent. 
66.40 

66.20 


Gntms. 
3.25 

3.24 


Per cent 
65.00 

64.80 


Grams. 


Per cent 


Grama. 


Percent 


Average 


3.315 


66.30 


3.245 


64.90 


0.015 


030 


0.055 


1.10 


9 
10 


3.000 
2.850 


6000 
57.00 


2.93 

2.78 


58.60 
55.60 


.... 


.... 


.... 


.... 
. . • • 


Average 


2.925 


58.50 


2855 


57.10 


0.015 


0.30 


0.055 


1.10 



To see what influence would be produced by variations of time and 
temperature, assays Nos. 7 to 10 were made, increasing the time to two 
hours with Nos. 7, 8, 9, 10, and keeping Nos. 9 and 10 hotter than 
Nos. 7 and 8, and these last hotter than Nos. i to 6. 

Table III. shows that the loss in tin increases if the crucibles are left 
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too long in a very hot fire ; the buttons, however, remaining free from 
iron. 

Although the results in the naked crucible were entirely satisfactory 
with normal conditions of temperature and time, the chalk-lined cru- 
cible was now used to see what effect would be produced upon the 
assay. Assays Nos. ii» 12, 13 were made in the same way as 
Nos. I to 6, keeping the temperature reasonably low. No difference 
could be perceived in examining the crucible, slags, and button, except 
that the upper part of the crucible was more tarnished than with the 
naked one. 

Table IV. 



No. of 
A«ay. 


Resulting Tin. 


Total. 


In Button. 


In Scales. 


In Siftings. 




Grams. 


Per cent. 


Grams. 


Per cent. 


Grams. 


Per cent. 


Grams. 


Per cent. 


11 


3393 


67.86 


338 


67.60 





.... 


.... 


.... 


12 


3373 


67.46 


3.36 


61,'^ 





.... 





.... 


13 


3.363 


67.26 


3.35 


67.00 


.... 


.... 


.... 


.... 


Average 


3376 


eisi 


3.363 


67.27 


aooi 


0.02 


0.012 


0.24 



Table IV. shows an average result which does not differ much from 
that obtained in the naked crucible, but the assays vary as much as 
0.6 per cent. 

If time and temperature are increased, the difference from the re- 
sults with the naked crucible becomes much greater. See Table V. 

With the exception of No. 22, all the buttohs contained iron, some of 
the results being even then too low (Nos. 20 and 21), and others too 
high (Nos. 14 to 19). Apparently the lime, by entering the slag, 
assisted in carrying the iron into the tin. That nevertheless some tin 
was slagged is to be accounted for by the fact that there was not 
enough iron to prevent it; for metallic iron,^ although if present in 
sufficient quantity it will precipitate the tin completely, if in too small 
amount will only reduce the stannic oxide to stannous oxide, which of 
course enters the slag. 

KerP mentions the fact, that, by first heating with charcoal alone in 

1 Berthier, Trait^ des Essais, Vol. II. p. 459. 
* Metallurgische Probirkunst, 1879, p. 483. 
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the crucible and then adding the fluxes, the scorification of tin will be 
lessened. The reason of this is apparent. If the stannic oxide be re- 
duced to the metallic state, the fluxes then added will, upon fusion, 
simply assist to collect the fine particles of metallic tin into a button, 
and the danger that stannic or stannous oxide may be carried off in 
the slag is excluded. But other more powerful causes counteract the 
good results which might be expected from this modification of the Ger- 
man assay. The most important is the presence of iron in the metal. 

Table V. 



Naof 
Aasay. 


Resulting Tin. 


Total 


In Button. 


In Scales. 


InSiftinss. 




Grams. 


Per cent. 


Grams. 


Per cent 


Grams. 


Percent 


Grams. 


Percent 


14 


3.456 


69.12 


3.450 


6900 










.... 


.... 


15 


3.456 


69.12 


3.450 


69.00 










.... 


.... 


16 


3.446 


68.92 


3.440 


68.80 










.... 


«... 


17 


3.446 


68.92 


3.440 


68.80 










Averacc 

aoo6 


*^r 


18 


3.441 


68.82 


3.435 


68.70 










.... 


.... 


19 


3.421 


68.42 


3.415 


6830 










.... 


.... 


20 


3.391 


67.82 


3.385 


67.70 










.... 


.... 


21 


3371 


67.42 


3.365 


67.30 










.... 


.... 


22 


3.291 


65.82 


3.2HS 


65.70 










.... 


.... 



Although tin is reduced sooner than iron to the metallic state, there is 
no direct indication by which the assayer can know when to stop with 
the reduction and when to add the fluxes. If the reduction is carried 
too far, the iron also will be reduced and will enter the button ; if not 
carried far enough, so that tin still remains unreduced, the main advan- 
tage of the modified method is lost Another drawback is that the 
fluxes are added to the hot reduced ore in the crucible. This creates a 
liability to loss of ore by dusting. 

In carrying out the experiments the proportions used were the same 
as with the regular method. The crucibles were placed in the hot fire, 
and, counting from the time that the ore appeared dark red, it was ex- 
posed for a quarter of an hour to a strong heat ; then the fluxes were 
added in their regular order, and the charge heated for one houc 
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The behavior in the crucible and the general appearance of crucible 
and slags were not different from that with the regular method. The 
color of the salt slag, however, was light green instead of dark purple ; 
that of the borax slag, dark olive-green instead of the usual lighter 
shade. The tin buttons did not separate well from the slag, as their 
surface was very uneven. In some places were slight depressions or 
even cavities ; in others, the button was covered with small beads of 
metal, adhering partly to it and partly to the borax slag. Some of the 
buttons were bright, and more or less malleable and free from iron; 
others, however, contained so much iron that they had not the usual 
white color and bright appearance, and cracked when hammered flat 
to the size of a dime. 

Two double sets of experiments were carried out, the one in a naked 
crucible at a normal and then at a high temperature, the other in a 
chalk-lined crucible under the same conditions. The results obtained 
in the naked crucible are given in Table VL 

Table VI. 



No. of 
A««y. 


Resulting Tin. 


Total 


In Button. 


In Scales. 


In Siftings. 


23 


Grams. 
3363 


Per cenL 
67.26 


Grams. 

3.33 


Per cent 

66.60 


Grams. 


Per cent 


Giams. 


Per cent. 


24 


3.333 


66.66 


330 


66.00 


.... 





.... 


.... 


25 


3.253 


65.06 


3.22 


64.40 


.... 


.... 


.... 


.... 


Average 


3316 


6632 


3.283 


65.66 


0.002 


0.04 


0.031 


0.62 


26 


3.484 


69.68 


3.460 


6920 


.... 


.... 


.... 


.... 


27 


3334 


66.68 


3310 


66.20 


.... 


.... 


.... 


.... 


28 


3.259 


65.18 


3.235 


64.70 


.... 


.... 


.... 


. . . • 


Average 


3359 


67.18 


3.335 


66.70 


.... 


.... 


0.024 


0.48 



The average result of assays Nos. 23, 24, 25, carried out at a normal 
heat, is over i per cent lower than that obtained by the regular 
method, and there is a difference of 2.6 per cent between the highest 
and the lowest of the results. The buttons, however, were all free from 
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iron. Those from assays Nos. 26, 27, 28, carried out at a high temper- 
ature, show the presence of iron in quite a marked degree. There was 
no regularity whatever ; No. 26 took up so much iron that the button 
weighed more than the tin obtained by chemical analysis; Nos. 27 
and 28 also took up iron, and at the same time gave some tin to the 
slag. 

The results obtained by this modified method are therefore unsatis^ 
factory. They become still more so if the assay is carried on in the 
chalk-lined crucible. This can be seen from Table VII. 

Table VIL 



No. of 
Aaaay. 


Resulting Tin. 


Total 


In Button. 


In Scales. 


In Siftinga. 


29 
30 
31 


Grama. 
3.419 

3.339 

2.969 


Per cenL 
6838 

66.78 

59.38 


Grams. 
3.41 

3.33 

2.96 


Per cent 
68.20 

66.60 

59.20 


Grama. 


Per cent. 


Grams. 


Percent. 

• • • . 

• • . . 


Average 


3.242 


64.84 


3.233 


64.66 


aoo9 


018 


.... 


• • • • 


32 
33 
34 


3.425 
3365 
3.205 


68.50 
67.30 
64.10 


3390 
3330 
3.170 


67.80 
66.60 
63.40 


.... 


.... 


. « . • 


. • • • 
• • . . 


Average 


3.332 


66.63 


3.297 


65.93 


0.001 


0.02 


034 


0.68 



Of Nos. 29, 30, 31, made at a low temperatnre, one assay (No. 29) 
contained iron, and between the other two there is a difference of 
7.4 per cent. This discrepancy was probably caused by the large 
amount of tin carried off in the slag of No. 31. Under the caption 
** Siftings " there is a blank. As siftings there remained in the pan a 
heavy brown-black slag, which, when examined in the wet way, proved 
to be rich in tin. The assays Nos. 32, 33, 34, carried on at a high 
temperature, gave buttons which were all strongly ferruginous; they 
also showed great irregularity. Judging from the results obtained by 
the modified method, — Nos. 23 to 32, — the preference must be given 
to the regular German method, although, as above stated, it would 
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seem rational to suppose that the loss in tin would be smaller if the 
black tin were reduced to the metallic state before the flux is added 
and the fusion begins. 

MitchelP gives a method which may be mentioned in connection with 
tlie German assay. He mixes 400 grains ore, 100 argol, 300 sodium 
carbonate, 50 lime, and charges in a crucible so large that it need only 
be half filled, then gives a cover of sodium carbonate and 200 grains 
of borax; heats gently, and keeps for at least twenty minutes at a 
dull red heat, increasing the temperature until tranquil fusion takes 
place. 

The experiments were carried out as directed. A beautiful bottle- 
green slag resulted. It was as glassy as obsidian, and covered with a 
thin slag of a lighter green color. The results from three consecutive 
assays were so discouraging that no further attempts were made in that 
direction. Nearly all the tin had been taken up by the slag, the only 
apparent reason being the intimate mixing of ore and flux. 

2. Fusion with Calcium Fluoride. — There are three methods de- 
scribed under this head, in all of which fluorspar is used as the only 
or principal flux. They are recommended for ores containing silica 
only. 

Fluorspar is not readily fusible ; in fact, it cannot be melted at 
temperatures produced in a muffle-furnace. Assays requiring it as a 
flux must therefore be carried on in a pot-furnace. While difficult of 
fusion, it is liquid when melted, and assists to liquefy compounds 
which have a refractory character, by holding in suspension the par- 
ticles which cannot be completely melted. It is therefore very satis- 
factory if a high temperature is required. Berthier* was the first 
to suggest that a loss in weight takes place if calcium fluoride and 
silica are heated together. In later publications^ the formula 
2 CaFa + 2 SiOa = SiF^ + Ca^SiO^ is found with the statement that 
part of the silica escaped as silicon fluoride. Percy* has shown by ex- 
periments, that, while a loss in weight does take place, the formula is 
wrong, as it expresses more than three times the actual amount lost. 
It would seem, therefore, that the basis on which these methods are 
founded is not a correct one. Owing to the high temperature, there is 
always danger of losing tin through volatilization, although* in a char- 

1 Manual of Assaying, New York, 1881, p. 481. 
« Traits des Essais, 1847, Vol. I. p. 436. 

• E.g. Balling, Metallurgische Chcmie, Bonn, 1882, p. 88. 

* Metallurgy of Fuel, etc, London, 1875, p. 80. 

» Berthier, Traitc des Essais, 1847, Vol. II. p. 458. 
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coal-lined crucible this may be prevented by entirely excluding the air. 
In regard to scorification, it seems doubtful whether it can be avoided 
so as to give satisfactory results. 

(i.) Ricketts^ recommends mixing lo grams of ore with lO to 
20 grams of fluorspar or cryolite. He then says: " Charge in a 
charcoal-lined crucible, which is first covered with charcoal and then 
luted with clay; heat strongly for about one hour; remove carefully 
from the fire, and tap gently. Treat the button as an alloy afterwards." 
These instructions were closely followed, fluorspar being used and the 
time of exposure to heat lengthened, as previous experiments in char- 
coaHined crucibles had shown that considerable time is required for 
the heat to penetrate the lining. 

Three experiments were made, resulting in a gray, slightly fritted 
mass, which contained white tin and black tin mixed with fluorspar. 
This gave, when crushed in a porcelain mortar and treated with water, 
gray slimes, and, as residue, the mixture of white and black tin. The 
complete reduction of the stannic oxide was probably prevented by the 
intimate admixture of fluorspar. It could scarcely have been caused 
by insufficient heat. A hot anthracite fire was used ; the furnace was 
12 X 12 inches, the crucible resting on 3 inches of coal, and being 
covered by 3 inches of coal (to the lower edge of the flue). The 
draught was strong, the total time of exposure to heat two hours. 

(2.) Ricketts ^ gives a similar charge for a chalk-lined crucible : ore 
10 grams, fluorspar 10 grams, powdered charcoal 2 grams, a salt and 
charcoal cover, and recommends a hot fire. 

This method produced negative results. The charge at the bottom 
and sides of the crucible was fused ; it was gray, showing a crystal- 
line structure. At the bottom the fused rim was yi inch thick, de- 
creasing to ^ inch higher up. Inside this shell was a fritted mass 
of a color from dark gray to black, consisting apparently of charcoal 
and fluorspar, with fine particles of tin dispersed through it, and cov- 
ered by a pumice-like gray slag, probably a mixture of salt and 
fluorspar. 

(3.) Balling* recommends mixing 5 grams of ore with 2.5 grams of 
fluorspar and 2.5 grams of lime, charging the mixture in a charcoal- 
lined crucible, and treating as in the old German method of assaying 
iron ores in the dry way ; that is, heating for an hour and a half, the 
last fifteen or twenty minutes at a white heat. 

The result of several fusions was a slightly sintered mass of a grayish- 

^ Notes on Assaying, 1886, p. 88. ^ Ibid., p. 89. 

» Die Probirkunde, 1879, P- 39** 
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white color collected into a button. Through it were distributed prills 
of metallic tin of different sizes, the largest being about the size of a 
small pin-head. Another negative result. 

No pains was spared to make these experiments with fluorspar as 
thorough as possible, and the failure to obtain satisfactory results must 
have been due to one of two things ; either the ore used was not suited 
to that mode of treatment, or important particulars were omitted from 
the directions given. 

3. Fusion with Potassium Cyanide. — This very valuable method of 
assaying tin ores is given by Mitchell.^ In describing his manner of 
operating, he says he uses a 3-ounce Hessian crucible, rams into its 
bottom a J^-inch layer of potassium cyanide, adds the charge, consist- 
ing of 100 grains of ore mixed with from four to five times its weight ol 
powdered potassium cyanide, and gives a cover of the same flux. He 
then heats at a moderate temperature for ten minutes, removes the 
crucible, taps it gently, and allows it to cool. He dissolves the slag in 
water to see if any reduced metal or heavy particles of the original ore 
are present, and says that, with ordinary care, the results are accurate 
to 0.5 per cent. 

The basis on which the process rests can be expressed by the for- 
mula, SnOa + 2KCy = Sn + 2KOCy. Potassium cyanide, being 
more powerful than any other reagent, acts more quickly, and also at a 
lower temperature, thus reducing the volatilization of tin to a minimum. 
The disadvantages are its cost and its very poisonous character. The 
extra expense need hardly be taken into consideration, as it is very 
nearly counterbalanced by the saving in time, the difference being fully 
made up by the superiority of the results obtained. Its poisonous 
character requires that special care should be taken in handling it. 
The mortar ought to be covered with a wooden lid, having a hole 
through which the handle of the pestle passes, and a cloth placed over 
this to avoid dusting. A sponge or handkerchief should protect nose 
and mouth while pulverizing, weighing, and mixing the reagent with 
the ore. The crucible should be placed to cool under a good draught, 
and care taken to finish the breaking of crucibles and handling of 
cyanide slags before the fingers have occasion to become moist If 
these precautions are observed, there is no danger whatever, as the 
writer can testily from repeated experience. 

In the experiments the ordinary chemically pure potassium cyanide 
— 98 per cent KCy and 2 per cent KOCy — was first used ; then the 

1 Manual of Assaying, 1881, pp. 481-483. 
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effects produced by the different impurities that are apt to be found in 
commercial cyanides were studied ; and, lastly, the commercial cyanides 
themselves were tested. The regular method given by Mitchell was 
varied in different ways, to see what effect modifications from other 
methods would have on the reagent. 

In regard to temperature and time required for the assay, Mitchell 
says " a moderate fire," which will keep the charge at a " steady fusion" 
for " ten minutes." It was found that a charge can be kept at a steady 
continuous fusion for twenty minutes, and the temperature be too low 
to complete the chemical reaction. Small globules of tin can be seen 
floating about in the slag, and these will not be collected into one button 
when the crucible is broken. On the other hand, the temperature may 
be raised so high that the charge will boil, and the fusion still be steady 
and continuous. The tin will be reduced, but will not collect into one 
button, and the assay will again be imperfect. The best way to regu- 
late the temperature would seem to be the following. Begin with a hot 
fire, and keep it at the highest point to which potassium cyanide can be 
heated without beginning to boil and evolve heavy fumes. This tem- 
perature is easily recognizable alter a few assays. Ten minutes is a 
very good average for the time, beginning when the charge is liquid 
and brown-red. An assay may be considered finished when the pure 
upper slag has become so transparent that the impurities contained at 
the bottom of the crucible are visible through it. The tin will then 
have collected into one button beneath the lower slag, and very few, if 
any, prills will be found. 

The experiments with potassium cyanide were as follows (i to ii). 

( '•) 5 grams of ore mixed with 20 grams of potassium cyanide were 
charged in a Battersea crucible, size F, into the bottom of which had 
been rammed 5 grams of cyanide ; the charge was covered with 5 grams 
of cyanide ; time given, ten minutes. 

The slag was as liquid as water. When cold, its surface was smooth, 
and had the shining lustre of porcelain. The crucible was not cor- 
roded, and the upper part was free from tin. On breaking the crucible, 
it was found that the potassium cyanide had filtered through nearly the 
entire bottom and blackened it, the blackness diminishing on the sides 
and disappearing near the top. The fracture of the upper slag was 
coarsely granular; it was opaque, milk-white, brittle, and soluble in 
water. On the bottom of the crucible was an amorphous, uneven 
slag ; it had a resinous lustre, was subtranslucent, of light green color, 
harder than the white slag, and insoluble in water. It was charged 



I 



with the impurities contained in the ore. The button separated well | 



Digitized by 



Google 



The Dry Assay of Tin Ores. 



131 



from the slag, was white, bright, easily cut, malleable, and free from 
iron. 

To examine the slags and lower part of the crucible for prills of tin, 
they were placed in hot water. The white slag dissolved readily, and 
the green, as a rule, separated easily from the crucible. The solution 
of potassium cyanide and cyanate was removed by decanting, and the 
pieces of crucible taken out and dried apart from the residue in the 
dish. Both were then crushed separately, and passed through a 60-mesh 
sieve. The resulting fine pulp was panned, and the siftings weighed 
with their scales, the slags and crucibles of one series of assays being 
worked up together, as the weights of the resulting buttons were close 
enough to justify the proceeding. 

Table VIII. 



No of 
Assay. 


Retulting Tin. 


Total 


In Button. 


In Slags. 


In Crucible. 


35 


Grams. 

3.385 


Percent. 

67.70 


Grams. 

3330 


Per cent. 

66.60 


Grams. 


Percent. 


Grams. 
• • • • 


Per cent. 


36 


3.365 


67.30 


3310 


66.20 


.... 


.... 


.... 


.... 


37 


3.355 


67.10 


3.300 


66.00 


• • . • 


.... 


.... 


• . • . 


38 


3.355 


67.10 


3300 


66.00 


.... 


.... 


.... 


■ • . . 


Average 


3365 


67.30 


3310 


66.20 


0.005 


0.10 


0.050 


1.00 



Table VIII. shows that the average result is 0.54 per cent lower than 
that found by chemical analysis, and the percentage of tin in slags and 
crucible — i.io per cent — rather higher than would have been ex- 
pected. The greatest discrepancy, however, in the total weights is only 
0.03 gram, but expressed in percentage it amounts to 0.6 per cent. It 
seemed, therefore, more advisable to use 10 grams of ore, as in the next 
experiments. 

(2.) The charge consisted of ore, 10 grams; potassium cyanide, 
40 grams ; $ grams cyanide for bottom of crucible, and 5 grams cyanide 
for cover ; crucible, size F ; time, fifteen minutes. 

The only difference between the first and second assays is, that in the 
latter the bottom was covered with a larger quantity of green slag, 
showing (as the crucibles were of the same size as before) a thicker 
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layer. In assays Nos. 35 to 38 this heavy green slag had collected 
around the button, filling the space between it and the crucible, and 
not quite reaching the top of the button, which was covered by the 
pure white slag. It would, therefore, seem advisable to use, for a 
lO-gram assay, a crucible having a larger base than the size F of the 
Battersea make. The button could then lie on the bottom, and be sur- 
rounded by the impure slag, the top being covered by pure white slag^ 
which helps reduction and the successful collecting of the metal in one 
button. If the assays are made in the muffle, the 10- and 20-gram 
(or Colorado A and B) crucibles, used for lead and slag assays, might 
be very suitable for the purpose. 

Table IX. 



No. of 
A8«y. 


Resulting Tin. 


Total. 


In Button. 


In Slags. 


In Crucible. 


39 


Grams. 
6.752 


Per cent 

67.52 


Grams. 

6.685 


Per cenL 

66.85 


Grams. 


Per cent 


Grams. 


Per cent 


40 


6.752 


67.52 


6.685 


66.85 


.... 


.... 


.... 


.... 


41 


6.752 


67.52 


6.685 


66.85 


.... 


.... 




.... 


42 


6.742 


67.42 


6675 


66.75 


.... 




.... 


.... 


Average 


6.749 


67.49 


6.682 


66.82 


0.060 


0.60 


0.007 


0.07 



The total average differs here only 0.35 per cent from the chemical 
analysis ; three assays agree perfectly, and the fourth shows only 
O.OI gram, or o.i per cent difference, which is very close. The per- 
centage of tin in slags and crucible is half as much as that in the previous 
assays (Table VIII.), suggesting that the first assays, Nos. 35 to 38, 
might have been benefited by a longer exposure to the heat. 

(3.) In assaying ores in the dry way, it has been, and still is, very 
common to give a salt cover. To try what effect this would have, the 
foregoing two sets of experiments were repeated, adding the salt. 

It was found that the charges melted less rapidly and were not so 
thin as before ; when cold, the surface of the slag was uneven and 
rough ; the crucible was corroded, but less soaked with potassium 
cyanide, the upper part showing no prills of tin ; the slag showed a 
very coarsely granular structure ; it was opaque, milk-white, but some- 
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what dull in comparison with that of the pure cyanide. No other 
differences were observable. 

The low results shown by the averages were startling. They could 
not be attributed to' any action of the sodium chloride, nor to the small 
amount of silicate derived from the corrosion of the crucible. The salt 
was examined, and found to be rich in sulphuric acid ; this explained the 
loss in tin (see Table XVI.). Fine Michigan table-salt was then tested, 
and sulphuric acid found to be present here also ; therefore, nothing 
further was attempted with salt. No special advantage is apparent in 
its use with potassium cyanide, as the slags are thinner without it, and 

Table X. 



No of 
Assay. 


Resulting Tin. 


TotaL 


In Button. 


In Slags. 


In Crucible. 




Grams. 


Per cent. 


Grama. 


Per cent. 


Grams. 


Per cenL 


Grams. 


Per cenL 


43 


3.266 


65.32 


3.200 


64.00 


.... 


.... 


.... 


.... 


44 


3.231 


64.62 


3.165 


63.30 


.... 


.... 


.... 


.... 


45 


3.226 


64.52 


3.160 


63.20 


.... 


.... 


.... 


.... 


46 


3.176 


63.52 


3.110 


62.20 


.... 


.... 


.... 


.... 


Average 


3.225 


64.49 


3.159 


63.17 


0.020 


0.40 


0.046 


0.92 


47 


6.505 


65.05 


6.430 


64.30 


• • •• 


.... 


• ... 


.... 


48 


6.405 


64.05 


6.330 


63.30 


.... 


.... 


.... 





49 


6,235 


62.35 


6.160 


61.60 


.... 


.... 


.... 


.... 


50 


6.220 


62.20 


6.145 


61.45 


.... 


.... 


.... 


.... 


Average 


6.341 


63.41 


6.266 


62.66 


0.065 


a65 


0.010 


0.10 



form a better ** wash '* for the sides of the crucible than the less readily 
fusible salt. If it is to be used at all, recourse must be had to Ohio 
salt, which, according to the Report of the Geological Survey of Ohio, 
"Economic Geology," i888. Vol. VI. p. 663, is free from sulphates, 
while Michigan salt always contains them. 

(4.) Ricketts recommends the chalk-lined crucible for the assay 
with potassium cyanide. He gives the charge, 10 grams of ore and 
40 grams of potassium cyanide, with half of the flux in the bottom of 
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the crucible and the other half mixed with the ore, then the usual cover 
of cyanide, to which is added a salt cover, and heats for fifteen minutes. 
These directions were followed, only omitting the salt cover. 

It was expected that the chalk-lining would at least partly prevent 
the cyanide from filtering into the crucible, but no difference could be 
observed, the crucible being just as black as if it had had no chalk- 
lining. 

The structure of the slag was slightly coarser;' it was more uneven 
in fracture, and of a bluish gray color, instead of the usual pure milk- 
white. 

The average of the results is 2.1 per cent lower than that obtained 
by the chemical analysis, and 1.75 per cent lower than the average 
of the corresponding lo-gram assays, Nos. 39 to 42. The separate 
assays also show a difference of 1.9 per cent, which is very unfavor- 
able. The first reason for this that suggested itself was the possible 
presence of gypsum in the chalk, but no sulphates were found. There 
remains, therefore, only the presence of lime to account for the slagging 
of tin. 

Table XI. 



No. of 
Assay 


ResDlting Tin. 


Toul. 


In Button. 


In Slags. 


In Crucible. 


51 


Grams. 
6648 


Per cent. 
66.48 


Grams. 
6.625 


Per cent 
6625 


Grams. 


Percent 


Grams. 
0.017 


Per cent 
0.17 


52 


6.618 


66.18 


6.595 


65.95 


.... 


.... 


aoi7 


0.17 


53 


6.458 


64.58 


6.435 


6435 


.... 


.... 


aoi7 


0.17 


54 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


.... 


Average 


6.574 


65.74 


6.551 


65.51 


0.006 


0.06 


0.017 


0.17 



By a mistake in assay No. 54, the entire 40 grams of potassium 
cyanide were mixed with the 10 grams of ore, and charged with it. 
No button whatever was obtained. The bottom of the crucible was 
covered with a spongy, greenish gray mass, and this by the ordinary 
white slag of potassium cyanide. This shows the necessity of having a 
good layer of potassium cyanide on the bottom of the crucible, prob- 
ably on account of the tendency the tin has not to collect in a single 
button. If the crucible is filled with a uniform mixture of ore and 



Digitized by 



Google 



The Dry Assay of Tin Ores. 



135 



cyanide, a number of small buttons will be produced mixed with the 
slag. If a layer of pure potassium cyanide cover the bottom of the cru- 
cible, the particles of tin will sink into it, and form on the undisturbed 
bottom a nucleus, around which other particles can collect, and thus 
take up gradually most of the tin. The effect is similar if charcoal 
be mixed with the potassium cyanide (see 5 to 7). 

(5.) The regular method of assay with potassium cyanide was modi- 
fied in the same way as the German method ; i. e. the stannic oxide 
was first reduced by charcoal, and the potassium cyanide then added to 
collect the particles of metallic tin into one button. It was expected 
that the iron would be taken up by the potassium cyanide instead of 
alloying with the tin. The result was tested by dissolving the slag in 
"water, filtering the solution, acidulating the filtrate with hydrochloric 

Table XII. 



No. of 
A8«y. 


Resolting Tin. 


TotaL 


In Button. 


In Slags. 


. In Cnidble. 




Grams. 


Per cent. 


Grama. 


Per cenL 


Grams. 


Per cent. 


Grams. 


Per cent 


55 


3.223 


64.46 


3.100 


62.00 


.... 


.... 


.... 


.... 


56 


3.202 


64.04 


1.310 


26.20 


1.892 


37.84 


See slags. 


See slags. 


57 


3.198 


63.96 


3.075 


6] 50 


• . . . 


.... 








58 


3.198 


63.96 


3.075 


61.50 


.... 


.... 


.... 


.... 


Average 


3.205 


64.11 


.... 


.... 


a033i 


0.661 


ao90i 


1.801 



acid, and boiling to expel the hydrocyanic acid formed. It was then 
tested with a mixture of ferrous and ferric salt, which gave the reactions 
for potassium ferro- and ferri-cyanide. Another part of the filtrate was 
evaporated to drjmess, treated with nitro-hydrochloric acid, again evap- 
orated to expel all cyanogen, and taken up with hydrochloric acid. 
On adding ammonium hydroxide, the reddish-brown ferric hydroxide 
was precipitated, showing again the presence of iron. 

In the experiments, 5 grams of ore were mixed with i gram of char- 
coal, placed in a naked crucible, size F, and heated for a quarter of an 
hour after the charge had become dark red ; then 20 grams of potas- 
sium cyanide were added; after this thirteen minutes were required 
before quiet fusion was obtained. 

1 Except No. 56. 
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The slags had the usual characteristics of the pure cyanide, but 
black patches of carbon were irregularly dispersed through them. 
The buttons were white, very bright, malleable, and free from iron; 
they were however rough, and covered with bead-like excrescences 
of tin. 

These results are very unsatisfactory. The average gives 3.73 per 
cent less tin than is present; it is 3.20 per cent lower than that of the 
corresponding S-gram assays, Nos. 35 to 38, and 2.21 per cent lower 
than that of the modified German method, Nos. 23 to 25. On com- 
paring the separate weights of the tin-buttons obtained, it will be 
seen that the tendency of the tin not to collect in one button is en- 
hanced by the presence of the charcoal with which the ore had been 
mixed. The only result of positive interest obtained by the experi- 
ments is the fact, that the iron of the black tin, reduced to the metallic 
state, goes into the slag, and not into the button, as in the modified 
German assay. 

Similar experiments carried on in a charcoal-lined crucible were 
equally unsatisfactory. 

(6.) The same method, only using a porcelain crucible, bears 
the name of Levol's method. KerP and Balling* give it as follows: 
2 grams of ore are mixed with 20 per cent of charcoal in a porcelain 
crucible, and heated for from fifteen to thirty minutes in a muffle; 
0.50 to 0.75 gram of potassium cyanide is added, and the heating con- 
tinued another five minutes. They say that the results are accurate to 
from 0.3 to o S per cent. 

It was found that it is necessary to grind ore and charcoal very fine, 
and that an excess of charcoal must be avoided. 

Two grams of ore were mixed with 0.5 gram of charcoal, and 
heated for half an hour in the muffle at a good scorification tempera- 
ture. The crucibles were then removed, allowed to cool, i gram of 
potassium cyanide added, and the crucibles returned to the muffle for 
ten minutes. 

They were all blackened and somewhat corroded ; the slag was of 
a light gray color, from the charcoal, and there was a small amount of 
green slag. In none of the assays had the tin collected in one button ; 
it varied in size from a button down to a fine gray powder. The 
crucibles were now placed in hot water, the small buttons picked out, 
and the fine tin separated from the charcoal and insoluble green slag 
by washing. This is the uncertain part of the assay. The fine tin 

1 Metallurgische Probirkunst, 1882, p. 483. 
« Die Probirkunde, 1879, P* 392- 
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separates with difficulty from the green slag. If this is entirely re- 
moved, some tin will be lost, and the resulting weight will be too low ; 
if all the tin is recovered, some slag remains with it, and the result is 
too high. Thus the assayer must choose between two evils, and this 
causes a feeling of uncertainty. Any slight mistake is multiplied by 
fifty when the result is expressed in percentage. This is illustrated in 
Table XIII. 

Table XIII. 



No. of Assay. 


Resulting Tin. 


59 
60 
61 


Grams. 
1350 

1.335 

1.305 


Percent. 
67.50 

66.75 

65.25 


Average 


1.330 


66.50 



The average is too low, showing loss from excessive care in washing 
to obtain pure tin. The greatest discrepancy between the single results 
is 2.25 per cent. This shows how difficult it is to effect a satisfactory 
separation of fine insoluble slag and fine tin. During the past two 
years the writer has made a number of assays according to this method. 
The results obtained from duplicate assays only agreed well when all 
the tin had collected in one or more large buttons ; they were never 
satisfactory if the tin was present in the form of fine powder. It was 
not discovered why in one case a button, in another a powder, should 
be obtained. The statement made by Kerl and Balling, that the results 
of this method are accurate within 0.5 per cent, needs modification, 
as it certainly does not apply to all tin ores. Probably those of the 
Black Hills contain impurities that were not present in the ores Kerl 
and Balling have reference to. 

(7.) The last experiments made with potassium cyanide followed 
T. W. E. David, in his " Report on the Geology of the Vegetable Creek 
Tin-Mining Field," Sydney, New South Wales, 1887, p. 153. Mr. David 
says that at the Glen Smelting Works at Tent Hill the potassium cya- 
nide is mixed with charcoal. The only reason that can be brought 
forward for this modification is, that the potassium cyanide used must 
have been very impure. Thus, in order to increase its reducing power, 
charcoal was added. 
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Five grams of ore were fused with a mixture of 30 grams of potas- 
sium cyanide and i gram of charcoal ; only two thirds of the flux were 
mixed with the ore, one third being rammed into the bottom of the 
naked crucible. 

Contrary to expectation, the charge fused as readily as if it contained 
no charcoal, and came very quickly to a quiet fusion. On breaking 
the crucible, no button was to be found, but only fine prills of tin dis- 
seminated through a pumice-like dark gray slag, containing irregular 
streaks colored black by carbon. This shows again the necessity, 
alluded to above, of having in the bottom of the crucible a layer of 
pure potassium cyanide for the reduced particles of tin to collect in and 
form a button. 

In the preceding experiments, the ordinary c. p. potassium cyanide 
was used, as it seemed important that the results obtained should be 
based on a reagent whose composition was definitely known. But this 
pure cyanide is somewhat expensive ($1.90 a pound), and, to see 
whether its use was absolutely necessary, the different commercial 
grades were tested. First, however, c. p. cyanide was mixed with 
cheaper fluxes, such as pure potassium and sodium carbonate, to ob- 
tain, if possible, a flux which would have the same action as the pure 
cyanide, but be considerably cheaper. The effect produced by potas- 
sium sulphate was also investigated. 

(8.) The effect of potassium carbonate on the cyanide assay was 
tested by fusing in a naked crucible 5 grams of ore with 30 grams of 
potassium cyanide, to which had been added different quantities of this 
flux. One third of the flux mixture was rammed into the bottom of 
the crucible, and the rest mixed with the ore, except a small quantity 
kept to be used as a cover. The average time required to complete 
the assay was ten minutes from the time the charge began to fuse. 

The charges behaved during the fusion just as if pure cyanide had 
been used. The crucibles remained uncorroded. On breaking, it was 
found that with the increase of potash in the mixture the crucible was 
less soaked with cyanide; in the last assay, with 41.17 per cent potas- 
sium carbonate, the bottom was blackened only to the depth of ^ inch. 
The top of the slag was, in all the assays, as smooth as with pure 
cyanide. The color had, however, changed ; with small quantities of 
potash, the slag, on the surface as well as on the fracture, had a bluish 
tinge, which grew deeper, until, in the last assay, it became of a decided 
blue-gray color. The structure of the slag became more and more 
granular, until it was so coarse as to have the appearance of granulated 
sugar cemented together. Finally, with the increase of potash the 
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lustre of the slag decreased, while at the same time it grew harder and 
tougher. The buttons of tin obtained did not differ in appearance from 
tiiose with pure cyanide. 

Table XIV. 



No.oi 
Away. 


Cbufe. 


p««ii 


J-_ f*!- 


Ok. 


KCy. 


K,C0,. 






Grams. 


Grams. 


Grams. 


Per ct. in mixture. 


Grams. 


Percent 


62 


5 


30 


3 


9.09 


3J25 


66.50 


63 


5 


30 


6 


16.66 


3300 


66.00 


64 


5 


30 


9 


23.07 


3.275 


65.50 


65 


5 


30 


12 


28.57 


3.263 


65.26 


66 


5 


30 


15 


33.33 


3.235 


64.70 


67 


5 


30 


18 


37.50 


3.230 


64.60 


68 


5 


30 


21 


41.17 


3.190 


63.80. 



In Table XIV. two points are striking: first, that the amount of tin 
obtained grows smaller with the increase of potassium carbonate; and, 
secondly, that no tin is recovered in the slags or in the crucible. Both 
facts are probably due to the same cause,' namely, that metallic tin 
decomposes alkali carbonates, forming stannates which are not readily 
fusible. In fact, Berthier^ says: "By fusing one part of metallic tin 
with four or five parts of potassium carbonate, a substance is obtained 
which is liquid, compact, opaque, yellow like wax, and crystalline.'* 
In the assays given in the table, the quantity of flux was increased in 
proportion to the percentage of potash added. As this alone might 
have had a bad effect on the result, a number of assays were made in 
which the percentage of potash was the same as in Nos. 64 to 68, the 
total amount of flux, however, not exceeding 30 grams. They were all 
very unsatisfactory. Over fifteen minutes were required for the fusion, 
and there was no regularity in the results. To counteract this, assays 
were made, to which charcoal had been added to strengthen somewhat 
the weakened action of the diluted fluxes, placing, however, fluxes free 
from charcoal in the bottom of the crucibles. The buttons gave higher 
results, but the irregularity in their weights was the same as before. It 

1 Berthier, Trait^ des Essais, 1847, Vol. II. p. 459. 
« Op, cit,. Vol. I. p. 445* 
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would appear, therefore, that the potassium cyanide needs to be practi- 
cally free from potassium carbonate ; 9.09 per cent of the latter showing 
already a loss of 1.34 per cent in the result obtained. 

(9.) The effect of sodium carbonate was tried in the same way. 
Although this alkali is not common with potassium cyanide, it was 
thought advisable to test it, as, when potassium cyanide is used in 
blowpipe experiments, it is generally mixed with an equal weight of 
sodium carbonate. 

The mixtures were not so readily fusible as the corresponding potas- 
sium charges, and required fifteen minutes, instead of ten as before. 
They were, however, just as thin when once melted. When cold, the 
slags were similar to the potassium slags, only more vitreous and 
harder. The bluish gray shades of color were missing ; the slags were 
white, but had no lustre whatever ; the buttons were, on the whole, the 
same as above, but showed bead-like excrescences. 

Table XV. 



Naof 
Aasay. 


Chaif^e. 


RmiiI 


>:... T-:. 


Ore. 


KCy. 


NajCOb- 




69 


Grams. 
5 


Grama. 
30 


Grams. 
3 


Per ct. in mixture. 
9.09 


Grams. 

3315 


Percent 
66.30 


70 


5 


30 


6 


16.66 


3.280 


65.60 


71 


5 


30 


9 


23.07 


3.270 


65.40 


72 


5 


30 


12 


28.57 


3.110 


62.20 


73 


5 


30 


15 


33J3 


3.055 


61.10 


74 


5 


30 


18 


37.50 


3.025 


60.50 


75 


5 


30 


21 


41.17 


2.910 


58.20 



Table XV., it will be seen, contains no columns for tin in slags or 
crucible, and the percentage of tin extracted is smaller than with the 
potassium salt, the inevitable conclusion being that an admixture 
of soda has a still more deleterious effect on the result than one of 
potash. 

(10.) The influence of potassium sulphate is a very bad one. 
Bloxam^ states that, in the presence of potassium sulphate, stannous 

1 Journal of the Chemical Society, New Series, 1865, Vol. III. p. 97. 
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and stannic sulphides are formed ; the former if the proportion of sul- 
phate be small, the latter if sufficiently large, the stannous sulphide 
remaining undissolved as a black powder if the slag be treated with 
water, the stannic sulphide going into solution, and being precipitated 
as yellow sulphide upon acidulating. 

In the experiments, difTerent amounts of potassium sulphate were 
added to 30 grams of potassium cyanide, and two thirds of the new flux 
mixed with the ore, one third being placed in the bottom of the naked 
crucible. The time required for tranquil fusion was ten minutes. 

The charges fused readily, and the crucibles were not attacked ; the 
surface of all the slags was smooth, the color deepening with the per- 
centage of potassium sulphate from light red, with a dark rim, to black. 
The fracture was at first similar to that of pure cyanide, and grew finer 
until it became stony ; the color, at first very light peach-blossom, be- 
came darker, till it reached, with the last assay, a dark flesh-color. The 
hardness and toughness of the slags also increased with the percentage 
of potassium sulphate. 

Table XVI. 



No. of 
A»a7. 


Chaige. 


PiMnIt 


^...•r:.. 


Ore. 


KCy. 


K.SO4. 






Grams. 


Gnuu. 


Grams. 


Per ct. in mixture. 


Grams. 


Per cent. 


76 




30 


0.3 


0.99 


3.185 


63.70 


77 




30 


0.6 


1.96 


No button. 


No button. 


78 




30 


1.0 


3.22 


3.060 


61.20 


79 




30 


2.0 


6.25 


2.525 


5050 


80 




30 


30 


9.09 


2.490 


49.80 


81 




30 


4.0 


11.76 


2.435 


48.70 


82 




30 


5.0 


14.28 


2.250 


45.00 



The results obtained show a gradual decrease in the percentage of 
tin. One per cent of potassium sulphate causes already a loss of 
4.14 per cent tin. In assay No. ^6 some stannous sulphide was present ; 
it decreased in No. ^^, and was absent in No. 78, which, when acidulated, 
gave a copious precipitate of stannic sulphide. The deleterious in- 
fluence of potassium sulphate, which was first shown by Bloxam, is thus 
verified by a series of systematic figures. 
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Table XVII. 



No. of 
Assay. 


Granular 

Purified. 

Resulting Tin. 


No. of 
Assay. 


Pure for Gold 

Platers. 
Resulting Tin. 


No. of 
Assay. 


Common 

Fused. 

Re«iltiBgrm. 


No. of 
Assay. 


Common for Min- 
ing Purposes. 
Resulting Tin. 


83 
84 
85 


Giaios. 
3.225 

3.225 

3.100 


Perct. 
64.50 

64.50 

62.00 


86 
87 

88 


Giaras. 
3370 

3355 
3340 


Perct. 
67.40 

67.10 

66.80 


89 
90 
91 


Grams. 
3.220 

2.990 

2.905 


Perct. 
64.40 

59.80 

58.10 


92 

93 
94 


Grams. 
3.115 

3.010 

2.900 


Perct 
6230 

60.20 

5aoo 


Aver. 


3.183 


63.66 


Aver. 


3355 


67.10 


Aver. 


3X)38 


60.76 


Aver. 


3.008 


6ai6 



(ii.) Various grades of the commercial potassium cyanide were ob- 
tained and tested. The grade of the cyanide can be judged from its 
general appearance, the pure being coarsely crystalline, soft, and snow- 
white. The lowest grade — " or mining purposes " — is reached when 
the structure becomes stony, and strongly resists pulverization; the 
color is a decided gray, resulting from finely divided iron. 

In each experiment 20 grams of the special brand of cyanide were 
mixed with 5 grams of ore, S grams being reserved for the bottom of 
the crucible, and s grams for a cover. The average time required for 
tranquil fusion was ten minutes. 

a. " Granular Purified," — 86 to 90 per cent KCy, with some KOCy 
and KjCOa, — $^-2S per pound. 

The upper slag did not have the beautiful crystalline structure nor 
the strong lustre of the pure cyanide. It was white, but showed a 
bluish tinge near the top. The average result is 4.18 per cent too 
low, and the greatest discrepancy between the single results is 2.50 
per cent. 

b. " Pure for Gold Platers," — 92 per cent KCy, 5 per cent KOCy, 
and 3 per cent other salts, — $1.25 per pound. 

The general characteristics are the same as those of Nos. 83 to 85, 
but the results are higher and more uniform. 

c. " Common Fused," — 85 per cent KCy, — $0.55 per pound. 
The upper slag has a stony fracture, and is of a dull white color. 

The results are very low and very irregular. 

d. " Common for Mining Purposes," — 65 per cent KCy, — $0.50 
per pound. 
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The surface of the slag is smooth, has a dark blue color with gray 
and yellow streaks passing through it. The fracture is stony, the slag 
is hard and tough, and is flesh-colored. The results are as bad as those 
from Nos. 89 to 91. 

It will be seen that, of the different grades, only the brand ** Pure for 
Gold Platers" produces results — 0.74 per cent too low — which are 
sufficiently accurate for every-day purposes. As these brands represent 
each a certain definite grade of a particular firm, it will be seen that 
the assayer is obliged to test each separately, making the ordinary 
chemically pure potassium cyanide — 98 per cent KCy and 2 per cent 
KOCy — his standard. 
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THE ENGINEERING LABORATORIES. 

BY GAETANO LANZA, Professor op Applied Mechanics, in Charge op thb 
Department op Mechanical Engineering. 

In the " Technology Quarterly " for May, 1888, an article was 
published which gave the history of the Engineering Laboratories up 
to within two years of the present time. Before February i, 1890, they 
occupied a little more than one half the basement of the Rogers Build- 
ing ; and inasmuch as that space was already pretty well filled at the 
time the article was written, it may be said to represent fairly well their 
condition up to the last mentioned date. The number of students who 
are now using these laboratories, however, is so large, that it would not 
be possible to accommodate them all in the Rogers Building. Hence 
a new Engineering Building has been erected on Trinity Place, not far 
from the other buildings of the Institute ; and it is the object of the 
present article to describe this building and the present condition of 
the Engineering Laboratories. 

The building covers a ground area of 52 feet by 148 feet, and is six 
stories high ; the two lower floors being entirely devoted to the Engi- 
neering Laboratories, while the two middle floors are occupied by the 
drawing-rooms and recitation-rooms of the Mechanical Engineering 
Department, and the two upper floors by the drawing-rooms and reci- 
tation-rooms of the Civil Engineering Department. 

The general style of the building is that of the modern mill, a row 
of cast-iron columns extending lengthwise through the middle of each 
floor, at distances of eight feet, centre to centre. 

A pair of yellow-pine beams bolted together about one inch apart 
extends from each column to each lateral wall, the spans being about 
24 feet. 

The beams supporting the basement floor are each 11 inches by 
18 inches; those supporting the first floor, 10 inches by 18 inches; 
those supporting the second, 7 by 16 inches; and above that, 6 by 
16 inches. In the basement the under flooring is 4 inches thick, and 
on all the other floors 3 inches thick, while the top floors are all 
^ inch thick. 

The wall on the south side is like that of a pilastered mill, while that 
on the north side is more architectural. 



Digitized by 



Google 



The Engineering Laboratories. 145 

It will thus be seen that the aim has been to construct a building 
which, while containing heavy machinery in operation, should be suf- 
ficiently free from vibration to render it possible to make experiments 
requiring delicate measurements. 

Another engineering feature which ought to be mentioned is that 
the building does not contain any boilers, but that the steam for heat- 
ing and also for power is furnished from the boilers in the basement of 
the Rogers Building, whence it is conveyed through a six-inch pipe 
about 1,000 feet long, buried under the ground, and protected by 
being wrapped in two thicknesses of asbestos and inserted in a 
wood log. 

The heating system, which is partly direct and partly indirect, was 
designed by Mr. S. H. Woodbridge, and the ventilation is obtained by 
means of a Sturtevant blower acting in connection with the indirect 
portion of the system. 

Automatic valves are used almost entirely on the radiators, so that 
the steapi supply to any radiator is regulated automatically by the 
temperature of the room. 

These laboratories are now called the Engineering Laboratories, and 
the building is called the Engineering Building, because it is especially 
devoted to the engineering work of the school, both the general and 
the special. Thus, in its recitation-rooms are taught the classes in 
mechanism, in ther mo-dynamics and steam engineering, in hydraulics, 
and in strength of materials, all of which may be called general engi- 
neering studies, as all these subjects are taught, to a greater or less 
extent, to the students of civil, of mechanical, of mining, of chemical, 
and of electrical engineering. Besides this, all the drawing-room work 
of the students of these courses is done in this building, and all the 
purely professional work of the civil and mechanical engineering 
courses is carried on here ; this including practically all the engineering 
work proper of the above stated courses. Hence it follows that it is 
the building where the purely engineering work is done for all depart- 
ments of the school. 

The Laboratories are really an aggregation of the following : — 

1. A laboratory devoted to experimental work upon the strength and 

other resisting properties of materials used in construction. 

2. A laboratory of steam engineering. 

3. An hydraulic laboratory. 

4. A laboratory where other engineering experiments are made, but 

which is not yet sufficiently differentiated to be divided into its 
component parts. 
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The objects to be accomplished by these laboratories arc the 
following : — 

First. To give the students practice in such experimental work as 
any engineer is constantly liable to be called upon to perform in the 
practice of his profession; as boiler tests, engine tests, power deter- 
minations, etc. 

Second, To give the students some experience in carrying on origi- 
nal investigations in engineering subjects with such care and accuracy 
as to render the results of real value to the engineering community. 

Third. By publishing from time to time the results of such investi- 
gations, to add gradually to the common stock of knowledge. 

The two lower floors of the building are entirely devoted to the 
Engineering Laboratories, thus increasing their capacity from about 
5,550 square feet, as in the Rogers Building, to about 13,900 square 
feet. Cuts of these laboratories are shown here, and the following 
statement of the apparatus they contain is copied from the twenty-fifth 
Catalogue of the Institute : — 

"The laboratory for testing the strength of materials is furnished with 
the following apparatus. An Olsen testing machine of 50,000 pounds' 
capacity, for determining tensile strength, elasticity, and compressive 
strength. A testing machine of the same capacity for determining the 
transverse strength and stiffness of beams up to 25 feet in length, and 
of framing-joints used in practice. Machinery for the measurement of 
the strength, twist, and deflection of shafting while running and under 
the conditions of practice. Machines for time tests of the transverse 
strength and deflection of full-sized beams ; for testing the tensile 
strength of mortars and cements, and of ropes ; for testing the effect of 
repeated stresses upon the elasticity and strength of iron and steel ; for 
determining the strength and elasticity of wire ; for determining the 
deflection of parallel rods when running under different conditions. 
Also accessory apparatus for measuring stretch, deflection, and twist. 

" The hydraulic laboratory contains, — A closed tank 5 feet in diame- 
ter and 27 feet high, connected with a stand-pipe 10 inches in diameter 
and about 90 feet high. Apparatus, in connection with the tank and 
stand-pipe, for making experiments on the flow of water through ori- 
fices and mouth-pieces, over weirs and in pipes, under different heads 
and under different conditions, and on the losses of head occurring 
under different circumstances. A 6-inch Swain turbine, so arranged 
that it can be run under different heads, and that measurements can 
be made of the power exerted, of the efficiency, etc., under different 
gates. 
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" The steam laboratory contains, — A triple expansion engine, with 
cylinders of 9 inches', i6 inches', and 24 inches' diameter respectively, 
and 30 inches' stroke, arranged in such a way as to be run single, com- 
pound, or triple, as desired for the purposes of experiment This en- 
gine is of the Corliss type, and was built by E. P. AUis & Co. It will 
have a capacity of about 150 horse-power when running triple, with an 
initial pressure of 150 pounds in the high pressure cylinder. It is con- 
nected with a surface condenser and all the other apparatus necessary 
to adapt it to the purposes of accurate experiment. 

" This laboratory also contains a 16 horse-power Harris-Corliss en- 
gine, and an 8 horse-power engine, used for giving instruction in valve- 
setting, etc. It is also equipped with several surface condensers, steam 
pumps, calorimeters, mercurial pressure and vacuum columns; appa- 
ratus for determining the quantity of steam issuing from a given orifice 
or through a short tube under a given difference of pressure ; apparatus 
for testing injectors; and with indicators, planimeters, gages, ther- 
mometers, anemometers, and other accessory apparatus. 

" The engineering laboratories are also provided with a number of 
friction brakes; with machinery for determining the tension required 
in a belt or rope to enable it to carry a given power at a given speed, 
with no more than a given amount of slip; with three transmission 
dynamometers ; with a complete set of Westinghouse air-brake appa- 
ratus, including the parts belonging on the car and on the locomotive ; 
with cotton machinery as follows, namely, two cards, a drawing frame, 
a speeder, a fly frame, a ring frame, and a mule, as well as accessory 
apparatus. There are also available for the purposes of experiment, in 
connection with the work of these laboratories, two horizontal tubular 
boilers, one large Babcock and Wilcox boiler, and a Porter-Allen en- 
gine of about 80 horse-power, all situated in the Rogers Building ; also 
another boiler, a 40 horse-power Brown engine, a number of looms, and 
other apparatus in the workshops on Garrison Street." 

The most important addition to the equipment of these laboratories 
is that of the triple expansion engine, inasmuch as it is the first triple 
expansion engine of a practical size that has ever been arranged for 
making experiments ; and by its means the laboratories are placed .in 
a position which will enable them to do work for the triple engine of a 
character similar to that done for the compound engine by the United 
States Naval Engineers in 1874, and also to make such researches with 
a triple or a compound engine as were made upon single engines by 
Hirn, Hallauer, and others. 

The hydraulic tank and stand-pipe places this laboratory in a posi- 
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tion to perform some work of great value in hydraulic experiments 
which would be impossible without such apparatus. The laboratory 
with its present equipment furnishes the means, — ist, of accommodat- 
ing the number of students that now need this instruction, with an 
opportunity for some growth ; 2d, of giving good laboratory instruc- 
tion to the students ; 3d, of carrying on investigations of importance in 
the engineering line. All this can be done, inasmuch as the building 
is adapted to the purposes of an engineering laboratory, — a fact 
which was never true of the Rogers Building. 

The two middle floors are devoted to drawing-rooms and recitation- 
rooms for the Mechanical Engineering Departments, the drawing-rooms 
being well arranged to furnish good light. The two upper floors con- 
tain, as has been said, the drawing-rooms and recitation-rooms of the 
Civil Engineering Department, and also the Engineering library, which 
is common to both departments. 
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THE VELOCITY OF BODIES OF DIFFERENT SPECIFIC 
GRAVITY FALLING IN WATER} 

BY ROBERT H. RICHARDS, Professor of Mining and Metallurgi^ 
AND A. E. WOODWARD, S. B. 

In Rittinger's " Auf bereitungskunde " of 1867 occurs (p. 195) the 
following table, which shows the rate of falling in water of fragments of 
minerals of irregular shapes and of five different specific gravities : — 

* Diameter of Particles in Millimetera. 

10 8 6 4 3 2 » -5 
Sp. Or. Velocity in Meters per Second. 

Auriferous Silver .... 15.0 

Galena 7.5 

Pyrites 5.0 

Quartz 26 

Coal 1.3 

With the purpose of extending this valuable table to cover a larger 
number of minerals and sizes of each mineral, and of making it more 
easy of application in deciding upon a sieve-scale for any group of 
minerals, we have prepared the curves of velocity of fall of bodies in 
water shown in Plates I., II., III., and IV., using Rittinger's formula 

r=2.44 ^27(8— i); 

where F= velocity in millimeters per second, 
** /? = diameter of particles in meters, 
<< 8 = specific gravity of the mineral. . 

These curves embrace a large number of specific gravities, and for 
each specific gravity the relation of the diameter of the mineral particle 
to the velocity of its fall in water is given for all diameters and velocities 
used in practice. 

The second diagram is an enlargement of the lower left-hand corner 
of the first, the third bears the same relation to the second, and in like 
manner the fourth to the third. Plate I., therefore, covers the work 

1 Presented at a meeting of the American Institute of Mining Engineers, Washington, 
D.C., February, 1890. 
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Substance. 



Sp Gr. S. 



SpiGr. a. 



Mineral Coal . 

Gypsum . . . 

Chrysocolla . 

Graphite . . 

Quartz . . . 

Orthoclase . . 

Serpentine . . 

Oligoclase . . 

Calcite . . . 

Labradorite . 

Talc . . . . 

Pyrophyllite . 

Muscovite . . 

Anhydrite . . 

Dolomite . . 

Margarite . . 

Cryolite . . . 

Amphibole . . 

Apatite . . . 
Tourmaline 

Fluorite . . . 

Forsterite . . 

Pyroxene . . 

Epidote . . . 

Fowlerite . . 

Rhodonite . . 
Rhodochrosite 

Azurite . . . 

Diamond . . 

Calamine . . 

Garnet . . . 

Siderite . . . 

Limonite . . 

Malachite . . 

Atacamite . . 

Sphalerite . . 

Corundum . . 

Willemite . . 

Tephroite . . 
Smithsonite 

Chalcopyrite . 

Chromite . . 

Barite . . . 

Enargite . . . 

Pyrrhotite . . 

Molybdenite . 



1.0-1^ 

2.3 
2.0 2.2 

2.09 
2.5 2.8 



2.44 
2.5 



2.6 
2.65 



2.56 2.72 
2.5 2 78 
2.67 2 76 

2.57 2.8 
275 2.92 
2.75 3.1 

2.9 

2.8 2.9 
2.99 

2.9 3.07 



2.9 
2.9 
2.9 
30 
3.3 
3.2 



3.4 

3.25 

33 

3.25 

3.5 

3.5 



3.25 3.5 

3.4 
3.4 3.68 

3.4 3.7 

3.5 3.8 
3.53 

3.16 3.9 
3.15 43 
37 3.9 



3.6 
3.7 

3.9 
3.9 
3.9 
4.0 
40 
4.1 
4.3 
4.3 
4.4 
4.4 
4.4 



3.8 



4.0 
4.0 

; 

4.2 

4.2 

4.18 

41 

4.5 

4.3 

4.57 

4.7 

4.45 

4.7 

4.8 



Stibnite . . 
Tetrahedrite 
Bornite . . 
Marcasite . 
Pyrolusite . 
Greenockite 
Pyrite . . 
Menaccanite 
Hematite . 
Millerite. . 
Magnetite . 
Franklinite . 
Miargyrite . 
Proustite . 
Chalcocite . 
Zincite . . 
Cerargjrrite . 
Pyrargyrite . 
Cuprite «. . 
Scheelite . 
Cobaltite . 
Arsenopyrite 
Tellurium . 
Anglesite . 
Wulfenite . 
Polybasite . 
Stephenite . 
Cassiterite . 
Smaltite . . 
Cerussite . 
Pyromorphite 
Wolframite 
Argentite . 
Galenite . . 
Niccolite 
Sylvanite . 
Copp>er . . 
Cinnabar . 
Silver . . 
Amalgam . 
Palladium . 
Mercury . . 
Gold . . . 
Platinum 
Iridosmine . 
Platiniridium 



4.5 

4.5 5.1 

4.4 5.5 

4.68 4.85 

4.8 

4.8 5.0 



4.8 
4.5 
4.5 
4.6 
4.9 



5.2 
5.0 
5.3 
5.65 

5.2 



5.07 
5.2 5.4 

5.4 5.6 

5.5 5.8 
5.4 5.7 

5i5 
57 5.9 



5.85 

5.9 

6.0 

6.0 

6.1 

6.1 

6.0 



6.15 

6.1 

63 

6.4 

63 

6.4 

7.0 



6.2 

6.27 

6.4 7.1 

6.4 72 
65 

6.5 7.1 
7.1 7.55 
7.19 736 
7.25 7.7 
73 7.7 
7.99 8.3 

8.84 

9.0 
10.1 11.1 
103 14.0 
113 11.8 

13.57 
156 19.5 
16.0 19.0 
193 21.12 
22.6 23.0 
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of the coarsest jigging 2 inches in diameter; and Plate II. covers 
from \ inch downward; Plate III., from -^ inch downwards; Plate IV., 
from ^ inch downwards. 

We have compiled a table, which appears on the opposite page, of 
most of the minerals likely to demand water separation, using the 
specific gravities given in Dana's " System of Mineralogy." 

The diagrams may be used in determining, for any group of minerals 
to be separated, a sieve-scale ; that is to say, a list of sieves arranged 
in series in such manner that the sands treated by them shall be suit- 
ably prepared for jigging. Rittinger (p. 224) adopts as the most satis- 





Rittinger's Sieve-scale 
(P 224). 


Rittinger's FaU Velocities (p. 271). 
Velocity of Fall m Meters per Second. 


Group I. 


Diameter in millimeters. 
64.0 


Galena, sp gr. 7 5. 
1.571 


Quartz, sp. gr. 2.6. 
0.780 




45.2 


1.322 


.671 




32.0 


1.112 


.551 


Group II. 


226 


.922 


.457 




16.0 


.786 


390 




11.3 


. .661 


.328 




8.0 


.556 


.276 


Group III. 


5.6 


.463 


.230 




4.0 


.392 


.195 




2.8 


327 


.161 




2.0 


.278 


.137 


Group IV. 


1.4 


.232 


.115 




1.0 


.195 


.097 




0.71 


.165 


.082 




0.50 


.138 


.073 


Group V. 


035 


.116 


.058 




025 


.098 


.048 




0.125 


.069 


.034 



Group VI. comprises fine slimes. 
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factory sieve-scale a list of sieves beginning with one having i mm. 
bole, and ranging upwards in geometric progression by the factor 
1. 4142 = v^, and downwards by the reciprocal x^-J;^^. He proceeds 
to show (p. 271) that not all the sieves of this scale are needed for 
separating two minerals of greatly diverse specific gravity ; for instance, 
quartz and galena. This may be deduced from the foregoing table, 
constructed from his figures. 

The smallest grain of galena in any one group will settle more rapidly 
than the largest grain of quartz in that group. 

The sieve-scale required for quartz and galena, as shown by the 
above table, is then : 

Groupw Mesh in millimeters. 

I Through 64.0 on 22.6 

II " 22.6 •* 5.6 

III " 5.6 "1.4 

IV ** 1.4 «* 0J5 

V « 0J5 " 0.125 

VI " 0.125 

It is to facilitate the making of such shortened sieve-scales, adapted 
to special groups of minerals, that the fall-curve diagrams have been 
constructed. For instance, if it be desired to construct a sieve-scale 
for the preparation of sands containing quartz (sp. gr. 2,6) and apatite 
(sp. gr. 3) for jigging, we start with the proviso that in any given group 
the smallest grain of apatite must have i centimeter per second 
greater velocity than the largest grain of quartz in that group. Taking 
I centimeter = o.oi meter diameter as the limiting sieve under the 
rolls, we can then select by inspection from the diagram (Plate II.) the 
following sieve-scale. , 



Gaas. 


Mesh in Meters. 


Velodty in Meters per Second. 


Through. 


Upon. 


Largest Quartz. 


Smallest Apatite. 


I. 

II. 
III. 
IV. 

V. 


0.01 

0.0084 

0.0070 

0.0060 

0.0050 


0.0084 

aoo7o 

0.0060 
0.0050 
0.0042 


0.304 
0.280 
0.256 
0236 
0.215 


0J16 
0.290 
0.266 
0.245 
0.225 
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And so on. A similar sieve-scale for classifying, preparatory to jig- 
ging, the grains of any two minerals of different specific gravities can 
be made from the diagrams, with less trouble, we think, than in any 
other way. 

The velocities given in the curves are all of them final velocities, cal- 
culated by Rittinger's formula. In quick jigging the conditions of his 
formula would not be quite realized, as the particles would not have 
time to acquire their final velocity. To give some idea to what extent 
the curves would be in error for quick jigging, we add the following 
table, taken from Rittinger, (p. 178,) but much enlarged. 



Substance. 


Diameter in 
Meters. 


FaU in Meters per Second. 






/ = 0.062. 


/z= 0.125. 


t = 0.25. 


/ = 0.50. 


/=I.O. 


/=a.o. 


PbS .... 


J C 


0.514 


0.936 


I4I6 


1.6S0 


1S50 


1.650 


FeSa . 






^ 


\ .016 \ 


0.468 


0.8g5 


1J74 


1.2S7 


1JS93 


1J293 


SiOa . 








) ( 


0.353 


0£70 


0.767 


OWl 


0J817 


0.817 


PbS . 








) ( 


0.508 


a902 


1.290 


1388 


1.428 


1.428 


FeS, . 








\ .012 \ 


0.461 


0.789 


1054 


1.118 


1.120 


1.120 


SiOa . 








) (iin.) { 


0.345 


0.558 


0.689 


0.708 


0.709 


0.709 


PbS . 








) ( 


0.497 


0842 


1.107 


1.164 


1.166 


1.166 


FeSa . 








I -008 \ 


0.448 


0.723 


0.890 


0.914 


0.915 


0.915 


SiOa . 








) ( 


0.332 


0499 


a572 


0.578 


a579 


0.579 


PbS . 








) ( 


0.487 


0.790 


0.980 


1.CC9 


1.010 


1.010 


FeSa . 








> .0C6 \ 


0.436 


0.669 


0.778 


0792 


0.792 


0.792 


SiOa . 








) (iin.) \ 


0.319 


0.454 


0.498 


0.501 


0.501 


0501 


PbS . 






' 


) ( 


0.468 


0.70J^ 


0^14 


0.823 


0.824 


0M4 


FeSa . 








> .004 \ 


0.414 


0S86 


0.64s 


0.646 


0.646 


0.646 


SiOa . 








) (iin.) \ 


0.297 


0^83 


0409 


0409 


0409 


0409 


PbS . 








) ( 


0.451 


0.645 


0.710 


0.714 


0.714 


0.714 


FeSa • 








> .003 } 


0394 


0.527 


0.559 


0.560 


0.560 


0.560 


SiOa . 








) (iin.) \ 


0.282 


0344 


0354 


a354 


0354 


0.354 


PbS . 








) ( 


0421 


0.553 


0.582 


0.583 


0.583 


0.583 


FeSa . 








.002 


0362 


0.445 


0.457 


0.457 


0.457 


0.457 


SiOa . 








)(Ain.)( 


0.250 


0.286 


0.289 


0.289 


0.289 


0.289 


PbS . 








) ( 


0354 


0.409 


041s 


0414 


0414 


0414 


FeSa . 








.001 


0.294 


O^fSl 


0.S2S 


0.S2S 


0.323 


0.323 


SiOa . . 








)(Ain.)< 


0.195 


0.20s 


0.204 


0J2O4 


0J204 


0M4 


PbS . , 








) ( 


0.277 


0.291 


0292 


0.292 


0.292 


0.292 


FeSa . 








> .0005 } 


0.222 


0.229 


0.229 


0.229 


0.229 


0.229 


SiOa . 








)(Ain.)( 


0.143 


0.145 


0.145 


0.145 


0.145 


0.145 



The Italic figures were taken from Rittinger, the others were calculated. 
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V = velocity of fall in meters per second. 7^ . 

e = Napierian base. U 

g = acceleration due to gravity. y 

s = sp. gr. of solid. / 

A = sp. gr. of liquid. ^~ J 

d = diameter of solid. 

j = weight of cu. in. of water. 

Oj = constant velocity v after / in seconds. 
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All jigging will practically take place between / = .25, or 240 strokes 
per minute, and t = .50, or 120 strokes per minute. Now if we follow 
down these two columns in the above table, we shall see that this error / 

is serious for 240 strokes with § inch, \ inch, and \ inch diameter ; 
becomes insignificant with \ inch, \ inch, and \ inch, and disappears 
practically in ^ inch, 2^ inch, and ^^^ inch diameter; that for 120 / 

strokes per minute it is nowhere serious; is insignificant for \ inch, 
\ inch, and \ inch diameter, and practically disappears for \ inch and 
all below. 



^ 






r 



.060 



.oSS 



.oaro 



Q^+5 



a; '^ 



a) 



t 






9^ 





y 

d 

RooJ 



•00^ 



^ 




o 
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AN ATTEMPT TO REDUCE ARCHITECTURAL DESIGN-- 
ING TO A LOGICAL BASIS. 

BY C. HOWARD WALKER, Instructor in Design. 

The relation of architecture to the exact sciences is far from being 
clearly defined. Combining as it necessarily does the elements of a 
science with those of an art, it has been looked upon askance, on 
the one hand as indefinite in its methods, on the other as occasionally 
too mechanical in its results. 

As far as construction is concerned, graphical statics and formulae 
supply all needs with suflScient exactness; for architecural construc- 
tion seldom reaches the inspirational stage, and when such an event 
occurs the assistance of an engineer is usually solicited. 

But construction is not, apart from its necessary adequacy, the most 
important part of architecture, which is to be regarded for its aesthetic 
qualities. The objection can justly be made, that it is assumed that 
the inspiration of genius and the vague, intangible aesthetic sense 
disarm all criticism. ^Esthetic, curiously enough, however, is defined 
as ** pertaining to the science of beauty," and science means certain 
knowledge; therefore it would seem that the principal thing desired 
in architectural study should be the certain knowledge of beauty. 

The completeness of this knowledge is frequently questioned, and 
it is presumed that there is no fixed standard and no fixed set of 
laws by which beauty can be determined or gauged ; a freedom from 
bondage, an erratic liberty of expression, being its prerogative by a 
sort of divine right, and essential to many of its forms. Yet upon 
observation there seems to be a very close relation between beauty 
and utility, between the pleasing thing and the necessary thing, and 
whatever is given to one at the expense of the other appears to 
injure both. 

It is a perfectly easy matter to attempt to beautify at the expense 
of constructive expression, and just along this line lie most of the 
errors of aesthetic taste; but it is a very difficult matter to construct 
well at the expense of artistic expression, since the influence of the 
force of gravity alone requires an organic method, and a set of forms, 
masses, and lines, which will be found more pleasurable to the eye 
in proportion as they more nearly perform their exact duty. 
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Whether this is from hereditary perception of instability, or from 
the tendency of like to attract like, — man, a highly developed organ- 
ism, being appealed to most strongly by the organic quality in his 
environment, — is a subject for mental philosophy ; that the fact 
exists is undeniable. 

It follows, then, that there are two methods of making a building 
ugly ; first, by lack of development of its organic qualities, that is, by 
crude and inefficient expression of its constructive requirements, and, 
secondly, by the addition of non-essential forms, so-called artistic ac- 
cessories, contrary to those requirements. 

Conversely, there are two methods of making a building beautiful; 
by the fullest and most subtle development of constructive require- 
ments, and by the application of forms which accentuate the organic 
qualities of the work. 

Taking this for granted, — and, certainly, but slight objection can 
be made to the general statement, — the basis of all design must 
necessarily be a thorough sense of constructive requirements in order 
to possess the knowledge of the proper points to accentuate ; and 
this should be, not a perception of a number of petty details, of 
minor threatening weaknesses, but a pervading sense of the great law 
governing all building, the law of gravitation. 

The first necessity, then, is stability; which means that all main 
lines, except those of metal, must be horizontal or perpendicular, and 
that the bottom must not be incapable of supporting the top. This 
latter necessity has a marked influence upon the disposition and the 
size of openings, and creates the general rule that voids are preferably 
placed over voids and solids over solids. 

The position of the centre of gravity, real or apparent, creates the 
desire for more solids in proportion to openings at the lower part of 
the building than at the upper, and the consequent increase in number 
of openings in the upper part; and the same desire makes the two 
sides of a building of the same general density, preventing the weight- 
ing of one side more than the other. 

This wish for apparent balance is the reason for symmetry, which is, 
practically, corresponding density on either side of a central axis, and 
which occasions, to a great degree, the planning of buildings on axes, 
and the subsequent balancing of the masses of the facade. As far as 
construction is concerned, this need of lateral balance is imaginary ; but 
it is the first and only important departure of the aesthetic requirement 
from the constructive one, and has as its basis the feeling that all masses 
are most stable when equally distributed upon a horizontal plane. 



Digitized by 



Google 



Architectural Designing on a Logical Basis. 159 

Theoretically, this is true, so that the artistic sense, in this case at 
least, seems to require more rigid adherence to the theoretical law 
of solids than does the constructive necessity ; a rather suggestive fact 
to those who claim that art is irrational in its methods. 

The wall, and columns carrying a lintel or a wall, are the simplest 
of constructive units, and are the antecedants of all early architectural 
forms until the arch makes its appearance. 

To the wall, as it is built in horizontal courses, is applied the hori- 
zontal scheme of lines; to the column and its associate, the pier, the 
perpendicular scheme. In each the aesthetic method accents the con- 
structional precedent ; in one, by the use of accented jointings and by 
moulded- string-courses, cornices, etc.; in the other, by flutings and 
panels. 

The horizontal lines carried through a fagade are influenced in their 
relation to one another in size and distance apart by two desires: 
first, to make the lower part of a building seem stronger than the 
upper; secondly, to divide organic portions of the building one from 
another. 

The first influence is felt in the grading of horizontal joints, so that 
the larger and wider stones are below, and the interval between the 
joints decreases toward the top, and, as in the use of more numer- 
ous openings as the wall ascends, there is produced a graded tone, a 
tone of comparative strength, expressed by a gradual shading toward 
the top of the building. The same result is obtained frequently by 
changing the texture of the stone, as, for instance, when rock or split- 
face is used in the first story, and cut ashlar above. The American 
custom of having the first story of buildings of a diff*erent and stronger 
material than is the rest of the facade is a logical result of the same 
reasoning. 

The same diminution of tone appears in the scale of mouldings as 
they ascend in position. There is, however, a prevalent idea, caused 
by the fusing of forms by distance, that all ornament near the eye 
should be smaller than that far from it; but while this may be per- 
fectly true of the finish of detail, the breadth of treatment and interval 
of repeat and of decorative scheme should be greater at the base of 
a building than at its top. 

The second desire affects the importance of the base, belt, and 
cornice mouldings. 

It is usual, and has become an unchallenged custom, to consider a 
strong base and a strong cornice as essential features in an archi- 
tectural design, and constructional derivations are constantly stated 
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for both ; but there seems to be little understanding of the aesthetic 
reason for the disposition and relative size of bands of mouldings. 
This reason is, that each organic portion of a building should be de- 
fined at its boundaries, and these bands or belts are treated as so 
many borders confining parts of the building, and separating each 
part from its neighbor. 

The scale of these borders depends upon the quantity of space 
confined within their parallel lines, and upon the importance of the 
change from one portion of the building to another ; for instance, the 
base course and the cornice confine between them the entire mass of 
the facade, and are made, relatively, the strongest borders. 

The lower belt courses are apt to confine higher masses of .wall than 
the upper, and are consequently larger. 

The entablature has its divisions of epistyle frieze, and cornice, de- 
fined by much smaller borders, as those divisions are secondary and 
of minor importance. 

When portions of the same plane are divided to express organic parts, 
such as the different stories, etc., the belts have comparatively little 
width or projection ; but when change of plane, or change of form of 
the solid occurs, the mouldings and decoration become at once more 
important and more insistent in emphasizing the change. For instance, 
the cap is inserted where the cylinder of the column changes to the 
plane surface of the epistyle, and the richness of bed-moulding and 
soffit where the plane of the cornice breaks forward from the plane 
of the frieze. This is true of all changes from one geometric solid to 
another, whether in Classic, Gothic, or Mohammedan architecture, — 
the more fundamental the change, the firmer and richer become the 
division lines of moulding defining the point of demarcation. 

With the advent of the arch appears a new series of subjects for 
consideration, first of which is the fact that all arch lines must maintain 
their integrity throughout, and must be unworried by other lines im- 
pinging upon them. Secondly, the arch must be sufficiently weighted 
both at crown and at haunches, the aesthetic desire here, as is fre- 
quently found elsewhere, warning of constructive danger before it 
becomes actual. 

The introduction of the curves of arches also brings up the question 
of the similarity of quality in detail on a fa9ade ; that is, that there 
should be an equality of strength expressed throughout, and not in 
one place a low flat arch with great thrust and little resistance, and 
in another a tall pointed arch with wedge-like obstinacy. 

If such change of quantity of force were to be made, it should be 
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disposed in such a way as to insure an equilibrium of forces; the 
whole facade should seem to be in equipoise, not with one portion 
weaker than another. 

The same is to be said of the relative scale of detail, whether it is 
in openings, mouldings, or curving. 

Wherever the planes of a solid change at a more obtuse angle than 
13s**, the change needs to be defined by mouldings, etc. 

Wherever geometric solids terminate in a point, it should be ac- 
cented by some sort of finial ; in fact, an exaggeration of visually un- 
certain constructive facts is one of the chief motives of architectural 
detail. This is demonstrated by the use of vaulting ribs, rosettes at 
intersections, triglyphs, gutters, crockets, finials, etc. 

There is an axiom in attacking architectural design from a logical 
standpoint, that wherever quantity of material and consequent inertia is 
sacrificed, it is made up in vigor of constructive expression. 

When the sturdy quality of the Doric is supplanted by the lighter 
and more graceful Ionic, the flutes of the column become deeper, the 
horizontal lines of the entablature draw closer together and become 
more frequent. When the vigorous columns of the Romanesque are 
multiplied, clustered, it is because the openings in the wall are be- 
coming larger; and, at length, when the Gothic becomes an organism 
of masses in equilibrium, each pier, column, rib, and arch has its pur- 
pose written upon it by insistent lines drawn in the direction of its 
resisting force. 

But the Inertia of horizontal masses is injured by being shot through 
with the nervous vigor of perpendicular supports, and the energy of 
ascending columns and piers is dulled by the heavy long lines of inert 
masses. Architecture is not a stuff with warp and woof; it needs a 
dominant motive, for otherwise the aesthetic sense suspects instability. 
To it exact equilibrium is uncertain equilibrium, and it prefers the 
certainty of dominant horizontal or perpendicular lines to the plaid 
of conflicting forces. Above all, a building is an organism of which 
each part should perform its function, not only actually but manifestly, 
and architectural design should be devoted to denoting unmistakably 
how each function is performed. 

Disguise is affectation. Frank exposition of construction is alone 
commendable, giving logical quality to design ; and it is soon apparent 
that the aesthetic desire, once recognizing this fact, will suggest the 
most satisfactory construction, while at the same time it satisfies 
itself. 
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BIOPHENE. 

BY LOUIS E. LEVI, Ph. D. 

The gap which now separates the fat from the aromatic series is 
being rapidly filled. The great researches upon pyridine, pyrrol, fur- 
furane, thiophene, and other groups of bodies similarly derived from 
the fat series, have already shown to chemists that the words " fat" and 
" aromatic " must soon be changed to some more appropriate terms. 
All the reactions which the above groups possess, although they are 
derived from bodies in the fat series, show them to be closely related 
to the aromatic compounds. 

The actions of acids, halogens, and all other reagents, upon these 
groups, are more marked, and progress more easily and rapidly, 
than upon the aromatic compounds. The thiophene discovered by 
Victor Meyer, being the first body containing sulphur and possessing 
the properties of aromatic bodies, is of especial interest. During the 
time the writer had the pleasure of working under Victor Meyer, and 
later of working with him, the idea of a body similar to benzol, in 
which two *' CH " groups are replaced by two sulphur atoms, was first 
suggested. The interest in the question, whether a body with the 
symbol 



HC/\CH 

Hc'J ycH 



would also possess the properties of an aromatic compound, was very 
great Since the action of phosphorus trisulphide upon succinic 
acid, COOH-CH,-CH,-COOH, forms thiophene, 

HCV /CH 
S 

so thiodiglycollic acid, COOH-CHs-S-CH,-COOH, should, under the 
same conditions, produce the body which we will call " biophene " : — 
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HC^CH 

H C '>• y C H 



The probability of the formation of biophene by this reaction is 
increased by the fact, that while succinic acid and phosphorus tri- 
sulphide yield thiophene, thiodiglycollic acid is composed of two half- 
molecules of succinic acid joined together by an atom of sulphur. 
Biophene is produced, as was expected, by the above reaction, but 
only under certain conditions. 

The method of distilling the acid with the phosphorus trisulphide, 
the way in which thiophene is made, yields an impure product con- 
taining very little biophene, but yet sufficient to show the character- 
istic indophenin reaction. In order to obtain biophene in sufficient 
quantity and purity, the method of its preparation was modified. 

Preparation of Biophene. 

Five grams of thiodiglycollic acid are mixed with ten grams of phos- 
phorus trisulphide, and placed in a tube, closed at one end, with fifteen 
to twenty cubic centimeters of ether. The tube is then closed with a fine 
capillary, placed in an oven, heated two hours at a temperature of one 
hundred and seventy degrees centigrade. After cooling, the capillary 
is opened to allow the escape of the hydrogen sulphide formed. The 
contents of the tube, which has an odor not unlike the secretions of 
a skunk, is placed in a separating funnel, and washed with potassium 
hydrate. The alkali is then drawn off, and the remaining oil dissolved 
in ether and dried with chloride of calcium. After drying thoroughly, 
the ether is evaporated and the substance fractionated. The oil passes 
over in fractions between 140° and 170'' C. accompanied by a slight 
decomposition. By refractionating, an oil having the constant boiling 
point 165^-170° is obtained. This product, when mixed with sul- 
phuric acid and a crystal of isatine added, gives a beautiful violet color, 
the characteristic indophenin reaction of the thiophenes. The analysis 
showed that this oil was biophene. 

0.180 gr. of the oil oxidized with HNO3 yielded 0.7208 gr. BaS04. 

Found Theory for C«H«St. 

Sulphur 55.00 55.17 
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ACETO-BIENONE, QHjSjCOCH,. 

To a mixture of one gram of biophene, ten grams of petroleum ether, 
and one gram of acetyl chloride, aluminium chloride is slowly added. 
A reaction begins immediately, accompanied by the evolution of hy- 
drochloric acid gas. If the flask is shaken every five minutes, the 
reaction will be quickly finished, and the aluminium compound of the 
ketone will settle to the bottom of the flask. When on further addi- 
tion of aluminium chloride no more hydrochloric acid gas is given 
off, the product is warmed about fifteen minutes upon the water bath, 
and the petroleum ether poured off. The thick oily mass is then de- 
composed with ice and water, and purified by distilling with steam. 
The distillate is extracted with ether, and dried over chloride of cal- 
cium. On evaporating the ether, there remains a heavy, slightly col- 
ored oil, whose odor is very aromatic and like that of aceto-thienone. 

Aceto-bienone distils at a temperature above 300° C, at the same 
time decomposing. The action of light upon it turns it dark brown. 
In order to characterize aceto-bienone as a ketone, the phenylhydrazine 
compound was made. 

Aceto-bienone and Phenylhydrazine. 

Molecular weights of aceto-bienone, phenylhydrazine, and anhydrous 
sodium acetate are heated upon the water bath, with a little water, 
about six hours. On cooling, beautiful red-colored needles precipi- 
tate, which upon recrystallizing out of alcohol are obtained pure. The 
phenylhydrazide has a melting point of 128°, and is soluble in alcohol 
and ether. 



0.156 gr. of the salt oxidized with HNOg yielded 0.2905 BaS04. 

/CH 
Found. '^^"^ ^ C4H,S.C^N.HC.H» 

Sulphur 25.6 25 -S 



Oxidation of Aceto-bienone. 

To one gram of aceto-bienone take 2.55 gr. KMnO*, and add fifteen 
cubic centimeters of a 14% KOH solution for every 50 c. c. of a 2% 
KMnO* solution. This mixture is placed in a flask with a return cooler 
attached, and agitated continually. The reaction begins immediately, 
and the liquid assumes a dark green color. As soon as the green color 
disappears, the substance is heated on the water bath for thirty min- 
utes, when the oxide of manganese which is formed will settle to the 
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bottom, leaving a clear liquid. The oxide of manganese is removed 
by filtration, and the liquid acidified with sulphuric acid and extracted 
with ether. After the ether solution is evaporated an oil remains, 
which, on standing, crystallizes. The crystals are* purified by crystal- 
lization from alcohol or water. The water solution shows the charac- 
teristic acid tests with litmus paper and sodium carbonate. The yield 
being small, an analysis could not be made. 

C H \ 

Phenylbienylketone, p hjs!/^^' 

is formed by the action of benzoyl chloride upon biophene in the pres- 
ence of aluminium chloride in the same way as the above described 
aceto-bienone. Phenylbienylketone is a dark brown oil, having a boil- 
ing point of 241^ C, and is soluble in alcohol and ether. 



0.2933 gr. oil yielded 0.6310 gr. BaSO*. 

Found "^ 

Sulphur 29.18 29.09 



Found Theory for 5{{js^)cO. 



NiTROPHENYLBIENYLKETONE. 

Two grams of phenylbienylketone are slowly mixed, drop by drop, 
with nitric acid (sp. gr. 1.62), cooled by a freezing mixture of Glauber's 
salt and hydrochloric acid. As soon as the two substances come in 
contact, a violent reaction takes place, and the oil is completely dis- 
solved. On cooling, the product of the reaction is diluted with water, 
and a light yellow mass precipitates. The precipitate is then placed 
upon a filter, and washed with water until an acid reaction is no longer 
noticeable. The dried substance is then crystallized from acetic acid, 
and shows a melting point of 112® C. Alcohol and ether can be used 
as crystallizing agents, but are not so good, as the substance crystal- 
lized from them will still have a slight yellow color. One would expect, 
from the analogy between this substance and the aromatic bodies, that 
a dinitro compound would be formed, yet such is not the case. The 
mononitrophenylbienylketone, in long, needle-like crystals, is formed. 
The analysis of the substance is as follows : — 

0.0893 gr. of the salt yielded 4.45 c. c. nitrogen, at a temperature of 
21** C. and a pressure of 745 mm. 

* Found. Theory for CtiHtStOiN. 

Nitrogen 5.55 5.29 
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The results of this work show once more that compounds may be 
formed from the fat series which show decided characteristics of the 
aromatic series, and which may be regarded as belonging to it; also, 
the similarity between biophene and thiophene and benzol has been 
shown. In conclusion, let me add that the action of phosphorus tri- 
sulphide upon thiodilactylic acid has been tried, and a product ob- 
tained which shows the isatine reaction, proving that in all probability 
the dimethylbiophene or bioxene can also be obtained in the same 
manner as biophene. 

Mass. Institute of Technology, 
April, 1890. 
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HARCOURTS PENTANE STANDARD LAMP. 

BY H. E. CLIFFORD, Instructor in Physics. 

The great progress which has been made of late years in artificial 
lighting, particularly the enormous development in lighting by elec- 
tricity, has given to photometric tests of the different illuminants a 
considerable importance. In making such tests, we are at once met 
by the difficulty of securing a satisfactory standard of light for refer- 
ence. The so-called standard candle, which, for lack of something 
better, is at present almost universally adopted as a legal standard, is 
far from constant in its illuminating power, being affected by slight 
variations in the material and form of the wick, temperature of the 
photometer room, and numerous other elements. 

It seems desirable, however, in the selection of some new standard, 
that it should be approximately equal to the present standard candle ; 
the expression so many candle-power conveying a certain idea, al- 
though in most instances a vague one, as to the amount of light which 
is given by any illuminating source. Constancy of composition in 
material consumed, effect of temperature and pressure of air upon the 
intensity of the light, and ease of manipulation, are also to be kept in 
view in the selection of a legal .standard. 

The following tests of the Harcourt Pentane Standard Lamp were 
carried on in April and May, 1888, by Messrs. E. R. Pearson and S. C. 
Hathaway, Jr., at that time students in electrical engineering at the 
Institute of Technology. The pentane was prepared by Mr. Pearson 
from what is known as No. 86 gasolene, and after being refined was 
of specific gravity 0.6319. The lamps used in the tests were two, one 
lent by Mr. C. F. Prichard, Superintendent of the Lynn Gas Light 
Company, the other the property of the Institute. The Pentane Lamp 
was devised by Mr. Harcourt to replace the Harcourt Air-gas Standard, 
which is not portable, and, moreover, involves the use of expensive 
apparatus. The nature of the flame is the same as in the Standard, 
the essential difference between the two units being that in the Stan- 
dard the gas is prepared before its application, while in the Lamp it is 
produced at the instant required. The gas issues from a circular aper- 
ture one fourth of an inch in diameter, cut in a brass plug one inch 
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in diameter and half an inch thick, the height of the flame and num- 
ber of drops of liquid pentane consumed per minute being easily regu- 
lated. In all tests the lamps were allowed to burn either fifteen or thirty 
minutes before beginning the photometer readings, so that they might 
become of a constant temperature. The tests were of fifty readings 
each, unless otherwise specified. In determining the illuminating 
power in terms of candles, standard sperm candles were used, corrected 
to a rate of consumption of 120 grains per hour. The lamps were 
tested against each other, the Lynn lamp being taken as the unit, and 
were reversed in position. The Bunsen photometer was used in the 
tests, the photometer room being painted a dull black, and carefully 
screened to prevent introduction of error by reflection. The photom- 
eter bar was 100 inches in length. 

In Tables I. and II. are given summaries of the tests of the two 
lamps against each other, the lamps for Table II. being reversed in 
position. In Tables III. and IV. the results of comparing the lamps 
with standard candles and with the Methven Long and Short Slot are 
given, the Methven being expressed in terms of the Harcourt Lamp. 
The iUuminating power is the mean as determined from fifty observa- 
tions, the deviation is the average deviation from the mean, and the 
percentage deviation is given with regard to the mean illuminating 
power. The difference in illuminating power, as shown on reversal 



Table I. 
Harcourt vs. Harcourt. 



Table II. 
Same. — LAiffs Reversed. 



No. of 
Observa- 
tions. 


Illuminating 
Power. 


Deviation. 


Per cent 
DevUtion. 


No. of 

OtMerva- 

tions. 


Illuminating 
Power. 


Deviation. 


Per cent 
Deviation. 


25 
25 

50 
50 
50 
50 
50 
50 
50 


1.021 
1.017 
1.008 
1.014 
1.016 
1.034 
1.028 
1.011 
1.018 


0.014 
0.016 
0.009 
0.011 
0.008 
0.008 
0.010 
0.012 
0.009 


137 
1.57 
0.89 
1.08 
0.78 
0.74 
0.99 
1.16 
0.87 


50 
50 
50 
50 
50 
50 
50 
50 
50 


1.051 
1.056 
1.053 
1.055 
1.055 
1.055 
1.057 
1.050 
1.056 


0.012 
0.007 
0.008 
0.007 
0.005 
0.006 
0.005 
0.006 
0.005 


1.01 
0.61 
0.73 
0.70 
0.51 
0.54 
051 
0.61 
0.48 
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Table III. — Institute Harcx)urt. 



MethTen Long Slot. 


Methven Short Slot 


lUwninating 
Power. 

1.836 

1.879 


Deviation. 

0.009 
0.011 


Per cent 
Deviation. 

0.51 

057 


Power. 
1907 
1.942 


Deviation. 

aoii 
0.011 


Per cent 
Deviation. 

0.55 

0.56 



Table IV. — Lynn Harcxjurt, 



Candle A. 


Candle B. 


Methven Long Slot. 


Methven Short Slot 


niam. 
Power. 

1.081 


Devia- 

tion. 

0.030 


Percent 
DeviaL 

2.77 


Illam. 
Power. 

1.063 


Devia- 
tion. 

0.012 


Percent 
Deviat. 

1.06 


Ilium. 
Power. 

2.121 


Devia. 
tion. 

0.016 


Percent 
DeviaL 

0.78 


nium. 
Power. 

2.023 


Devia- 
tion. 

0.010 


Percent 
Deviat. 

0.48 


1.111 


0.016 


1.41 


1.108 


0.012 


1.07 


2,151 


aoi9 


0.86 


2.008 


0.020 


0.99 


1.085 


0.014 


1.24 


1.074 


0.011 


0.97 














1.015 


0.012 


1.11 


1.054 


0.015 


138 















of the position of the lamps, has not been satisfactorily accounted 
for. 

The Harcourt Pentane Lamp, as a legal standard, would seem to be 
a satisfactory one so far as mere intensity and constancy of illumination 
are concerned, although the uncertain quality of pentane and the care 
required in using the lamp are undoubtedly objectionable. 

Rogers Laboratory op Physics, 
May, 1890. ^ 
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RECENT THEORIES ON THE FUNCTION OF THE 
WHITE BLOOD-CELL. 

BY EDWIN O. JORDAN, S. B. 

Ever since the discoveries of the celebrated Dutch naturalist, Leeu- 
wenhoek (1632-1723), physiologists have known that ordinary blood is 
hot a mere liquid, as it seems to be, but that in the liquid there are 
many fairly solid bodies called cells or corpuscles. These are of two 
principal kinds: the red blood-cells, or haemacytes; and the white 
blood-cells, or leucocytes. The red are the more numerous, and give 
the familiar color to vertebrate blood. In every teaspoonful of human 
blood there are about 15,000,000,000 red corpuscles, but only 30,000,000 
white ones. The blood of clams, lobsters, and nearly all other inverte- 
brates, contains no red cells, but only the white. 

The cells are the more important living part of the blood, while 
the liquid in which they float plays chiefly a mechanical part. 

The function of the red cells has for a long time been clearly under- 
stood. They are carriers of oxygen from the air to the tissues. These 
cells owe their color to a peculiar substance called haemoglobin, which 
is able to enter very readily into chemical combination with the oxygen 
of the air met with in the lungs, and to surrender the oxygen quite as 
readily to the more needy tissues of the body at large. The red cor- 
puscles thus become the middlemen for conveying oxygen from the 
external air to every inmost nook and corner of the body. The differ- 
ence in color between arterial and venous blood is dependent upon the 
more or -less thorough oxygenation of the haemoglobin; the arterial 
being richly, and the venous poorly oxygenated. 

While the office of the haemacyte has been thus clearly made out, 
that of the leucocyte has until very recently been exceedingly obscure. 

In behavior and in form the leucocyte, or white blood-cell, closely 
resembles an amoeba, — a simple, naked cell of mere protoplasm, a 
tiny lump of living substance. Like the amoeba, it is able to effect 
changes in its position and its form ; like the amoeba, it has the power 
of flowing around and finally engulfing in its substance bodies with 
which it may come in contact ; furthermore, it is able to tear to pieces, 
dissolve, or digest bits of organic material which it has thus surrounded, 
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this process being known as " intracellular " digestion. The amoeba 
is the lowest animal of which we have any knowledge. It is an ** un- 
differentiated " organism, in the relative sense in which that phrase can 
be used, remembering that what is called undifferentiated or unspecial- 
ized is so only in comparison with higher forms, and that the amoeba 
is enormously complex as compared with simple aggregations of non- 
living matter. 

The leucocyte likewise is an undifferentiated cell; it is the most 
unspecialized of any cell in the human body, and its structure and 
appearance at once remind one of the amoeba. It is a natural con- 
clusion that the leucoc)^e must have inherited, along with its primitive 
structure, the simple physiological peculiarities of its lowly ancestor. 
Moreover, the leucocytes have very much the appearance and proper- 
ties of the cells forming the very young body before the different 
tissues have become recognizable. They alone retain unchanged the 
original ancestral form ; they are cells left over, so to speak, in the 
process of body-making. They unite in one individual those funda- 
mental properties of contractility, irritability, and secretion, each of 
which in the adult animal has been taken up and exalted by particular 
cells at the expense of other functions. The muscle cells are pre- 
eminently contractile, the nerve-cells pre-eminently irritable, while the 
cells of the salivary glands, the liver, and the pancreas devote their 
best energies to secreting and storing up material for future use. To 
the leucocyte alone does it seem difficult to attribute any one function 
par excellence. Its protoplasm is undifferentiated, crude, raw material 
as compared with the highly elaborated product in brain, muscle, and 
gland cells. 

What, then, is the function of the white blood-cells ? Bearing in 
mind their simple unspecialized structure, various answers have been 
given. It has been said, that, " being undifferentiated and specialized 
to no line of work, they are ready to take up any that comes to hand, 
and may be compared to the young men in a community who have not 
yet selected an occupation and are on the lookout for an opening." 
This view, however, can no longer be strictly and logically held, for it 
is highly improbable that the leucocytes in an adult animal turn now 
into muscle cells and now into nerve cells, as some of the young men 
seeking an occupation choose to be carpenters, and others physicians 
and lawyers. Indeed, such a view is distinctly contradicted by the his- 
tory of the different tissues. In the same line of thought is the sugges- 
tion — it is hardly more — that since some white blood corpuscles develop 
into red ones, this may be regarded as their special function. 
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For the last few years, however, attention has been directed more 
and more sharply upon a particular attribute of the leucoc3rte. The 
leucoc)^e's power of engulfing various substances has already been 
alluded to. This must be further emphasized. The leucocytes in a 
drop of blood will move toward yeast cells, or carmine granules, or 
indeed almost any solid particles which may be supplied to them, and 
can be seen with the microscope to surround and envelop the foreign 
bodies precisely as an amoeba would do. As De Bary expresses it: 
" If a foreign body comes into contact with the surface of the amoeboid 
cell, the latter puts out processes which embrace it and gradually close 
over it, as the waves close over a drowning animal, so that it lies at last 
inside the soft cell substance. It may be cast out again at some future 
time, but it may also suffer decomposition inside the cell, be killed, and 
disappear." 

The possession of this capacity of intracellular digestion has brought 
the leucocyte into great prominence in several lines of work, one being 
the problem of the absorption of fat into the body. To physiologists it 
is a well known fact, that of the three great classes of food stuffs, the 
albuminoids, the starches, and the fats, the entrance of the fats into 
the body has been most difficult to explain. For while the albumi- 
noids and the starches are soluble in the fluids of the alimentary canals 
the fats persist in the form of finely divided particles ; so that, while 
the first two groups of foods may pass through the membrane of the 
alimentary tract by diffusion, aided perhaps by the suction-pump action 
of the villi, the fats must pass through as small solid bits. 

It is still a vexed question as to just how the passage of the fat is 
accomplished. Fat globules are found in the alimentary canal ; they 
are also found in the lymph vessels inside the villi. How is the tran- 
sition effected from one to the other, through a layer of epithelium 
cells and another layer of connective tissue? It has been supposed by 
some that the fat passes directly through the columnar epithelium cells 
lining the walls, and then traverses a system of small canals communi- 
cating with one another, and finally with the lymph vessels in the inte- 
rior of the villus. That is to say, the epithelium cells lining the walls 
of the intestine grasp the particles of fat and pass them along through 
the cell substance into the system of canals. On the other hand, it has 
been maintained by Watney,^ that the fat does not pass through the 
substance of the epithelium cells, but between the cells. Other ob- 
servers hold that both ways of ingress are used. 

About 1883, Zawarykin^ and Schaefer,* working independently, came 
to the conclusion that the fat enters the lymph vessel by no system of 
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canals, but that the leucocytes bodily transport the particles of fat from 
the intestine to the lymph cavity of the villus. The leucocytes were 
actually seen, loaded down with what were apparently fat globules, 
making their way speedily toward the lymph vessels. Even while 
admitting that the epithelium cells might play some part in the pro- 
cess, Schaefer yet holds that the leucocytes are the chief means of 
transportation. 

What could be clearer? Fat globules are found in the alimentary 
canal ; the leucocytes, which always swarm in the neighboring tissues 
after a meal, are also seen to be filled with fat globules ; and the same 
leucocytes, abounding in particles of fat, are found all the way from the 
canal to the lymph vessel in the villus. Apparently nothing could be 
simpler. The leucocytes act as beasts of burden, and carry the in- 
soluble fat bit by bit into the body. In so doing, they do what no 
other cells can do as well. This is their function par excellence. As 
the red blood-cell is the carrier of the food-stuflf oxygen, so the white 
blood-cell is the carrier of the food-stuff fat. 

Unfortunately, however, for this interesting and symmetrical hypothe- 
sis, there are facts which at present do not allow it to be seriously enter- 
tained. One weighty objection is, that the whole matter is based on a 
case of mistaken identity, and that the fat globules seen in the leu- 
cocytes are not fat globules at all. A recent article by Heidenhain* 
effectually disposes of the belief that the globules seen in the leucocytes 
are fat Not only are these so-called fat globules susceptible to stain 
by the aniline dyes, but they persistently refuse to dissolve in ether or 
xylol. The blunder would seem to have come about through too great 
reliance on traditional staining methods. Heidenhain gravely says, 
" As all is not gold that glitters, so all is not fat that stains black with 
osmic acid." 

If Heidenhain's results are confirmed, the main prop of the theory is 
removed, and the white blood-cell cannot reasonably be considered as 
the agent by which fat is taken inside the body. 

Although on examination of the evidence, /r(^ and con^ the office of 
fat-carrier must for the present be denied to the leucocyte, there is 
another and even wider field in which the leucocyte has come to the 
front Here, too, the case rests altogether upon the enveloping and 
digesting qualities of the cell. 

The ingenuity of physicians has long been exercised to explain satis- 
factorily the phenomena of inflammation. The most that can be said 
is that inflammation is a disturbance of the normal relations between 
the blood and the tissues. Some of the prominent signs of this disturb- 
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ance, however, have been exhaustively studied. The pain, caused by 
tension and pressure upon the sensory nerves; the swelling, redness, 
and heat brought about by the increased flow of blood to the affected 
part; the formation of pus, a substance mainly composed of the dead 
bodies of white blood corpuscles, — are all well known accompani- 
ments of inflammation. When inflammation is produced in the web of 
a frog s foot, the whole process can be studied in detail with the micro- 
scope. In the normal circulation a few white blood corpuscles can be 
seen sticking to the sides of the small arteries, and passing slowly along 
by jerks toward the capillaries ; but now they collect more thickly 
upon the walls of the blood-vessels and become more numerous in the 
capillaries. There is a gathering of the clans of the leucocytes in the 
neighborhood of the part threatened with inflammation. Very soon 
they force their way through the cells lining the blood-vessels, and 
escape into the surrounding tissues, justifying their German name of 
" wandering cells." The tissue around the veins and capillaries soon 
becomes crowded with the white corpuscles which have left their nor- 
mal channels and invaded the inflamed district. These migrating 
hordes of wandering cells often die in large numbers, and are cast out 
as fus. 

The question at once arises, What is the reason for this peculiar 
migration of the leucocytes? Do they by their death cause inflam- 
mation, or do they appear on the scene when mischief is being done 
by other substances ? Are they troublesome seceders, or patriotic 
defenders? 

To answer these questions satisfactorily, we must go back to some 
famous observations on the behavior of the leucocytes. The occasions 
upon which the leucocytes display most vigorously their devouring 
propensities have been studied very thoroughly by Metchnikoff.* To 
Metchnikoff, indeed, belongs the chief place in the development of 
our knowledge of the leucocytes. He was the first to bring out the 
suggestive fact, that during the absorption of the tail of a tadpole, 
amoeboid cells are always present in great abundance. These amoe- 
boid cells contain scraps of nerve fibre and bits of muscle tissue, and 
are seen to be making away with the useless tail structure as fast as 
possible. The fragments enclosed by the leucocytes retain their form 
for some time, but gradually break up into small globules, and at last 
merge into the homogeneous cell substance. The same thing is seen 
during the atrophy of the tadpole's gills. Frog larvae, moreover, are 
not the only organisms in which the leucocytes are thus active, for 
Metchnikoff has described the same process as occurring in the larvae 
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of echinodermata, and has shown that the useless organs at each meta- 
morphosis are eaten up by the ever-ready leucocytes. From their 
possession of this capacity for eating, the leucocytes are often called 
phagocyteSy or eating cells. At any inflamed or injured spot, the 
amoeboid cells collect and greedily devour the particles of dead tissue. 
Whenever and wherever any of the cells of the body die, the phago- 
cytes hasten to remove the corpses. This point is practically certain, 
that the phagocytes are the scavengers of the organism, the removers 
of waste and useless material from the body. Have they also a still 
higher function? Are they the defenders of the organism? 

It has long been known that, when a foreign body is introduced into 
a living blood-vessel, one of the first events is the collection of leu- 
cocytes around it. A needle thrust through the wall of a blood-vessel 
will bring the leucocytes clustering thickly around its point There is 
apparently a swarming of the white blood-cells to oppose the invading 
substance. There seems something akin to this in the case of inflam- 
mation also, something more than a mere hastening to remove worn- 
out tissue, — almost an actual resistance to a hostile influence. The 
leucocytes appear to resent the presence of anything which can cause 
harm, and to bend their energies towards removing the offending body ; 
attempting, as it were, to protect the body of the individual as militia 
do the body politic. Metchnikoff" even goes so far as to say, that the 
process of inflammation is a struggle between irritant bodies and white 
blood corpuscles. 

The relation between the phenomena of inflammation and the in- 
vasion of the organism by living parasites is well known. In a paper 
now become classic, Metchnikoff" describes a singular disease that some- 
times afflicts the Daphnia, or water-flea. Some of these little creatures, 
which he kept in a tank in his room for purposes of study, became 
covered with spores, or conidia, which gained an entrance to the body 
of the crustacean, multiplied, and were carried by the blood current 
all over the body. The leucocytes in the mean time do not remain 
idle spectators of this hostile inroad, but speedily attack and devour 
the invading spores. If one of the conidia prove too much for a single 
leucocyte to handle, others join in the assault, and fuse into an invinci- 
ble " giant cell." The conflict is to the bitter end. " If the leucocytes 
finally overpower the spores, the Daphnia lives; if not, the conidia 
completely overrun the crustacean, and death is the result." 

According to Metchnikoff*, exactly the same struggle takes place 
whenever an animal body is invaded by bacteria of any sort, as, for 
example, by the bacilli of anthrax, or splenic fever. In animals such 
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as frogs and lizards, which are not "susceptible" to anthrax, anthrax 
bacilli if introduced into the blood are devoured by the phagocytes. 
The same thing happens when susceptible animals are inoculated with, 
anthrax bacilli which have been " attenuated " or weakened to a harm- 
less condition. But when virulent anthrax bacilli are introduced into 
the blood of an animal susceptible to the disease, it is only in excep- 
tional cases that the bacteria are taken up by the leucocytes. Metch- 
nikoff therefore asserts, that the anthrax bacillus can cause no harm if 
it is absorbed and destroyed by the white blood-cells, but that it is 
dangerous if this does not happen. In other words, the reason that 
the anthrax bacillus does not do harm is because the white blood-cell 
envelops and digests it. If for any cause the white blood-cell is unable 
to perform this duty, either through the high virulence — whatever 
that may mean — of the bacilli, or through its own incompetence, the 
bacilli may effect serious and even fatal ravages. This is the essence 
of the phagocyte theory as advocated by Metchnikoff. When patho- 
genic bacteria are introduced into the blood of an animal, there ensues 
a struggle to the death between the bacteria and the leucocytes, ir 
the leucocytes succeed in overpowering the bacteria, the animal re- 
covers ; if they fail in this, the bacteria thrive and multiply, and the 
animal finally dies. 

Stated in its most metaphorical form : " If we summarize the story, 
it should be likened to a battle. The leucocytes are the defending 
army, their roads and lines of communication the blood-vessels. Every 
composite organism maintains a certain proportion of leucoc3rtes as 
representing its standing army. When the body is invaded by bacilli, 
bacteria, micrococci, chemical or other irritants, information of the ag- 
gression is telegraphed by means of the vaso-motor nerves \sic !\ and 
leucocytes rush to the attack ; reinforcements and recruits are quickly 
formed to increase the standing army, sometimes twenty, thirty, or 
forty times the normal standard. In the conflict, cells die, and are 
often eaten by their companions ; frequently the slaughter is so great 
that the tissue becomes burdened by the dead bodies of the soldiers 
in the form of pus, the activity of the cell being testified by the fact 
that its protoplasm often contains bacilli, etc., in various stages of 
destruction. These dead cells, like the corpses of soldiers who fall 
in battle, later become hurtful to the organism they in their lifetime 
were anxious to protect from harm ; for they are fertile sources of sep- 
ticaemia and pyaemia, — the pestilence and scourge so much dreaded 
by operative surgeons." * Though perhaps rather bellicose, the figure 

• J. B. Sutton, An Introduction to General Pathology, p. 127. 
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just drawn is not unnatural. The phagocyte theory is almost capti- 
vating in its dramatic simplicity. 

There are, however, many biologists who do not agree with Metch- 
nikoff's interpretation of his observationsj although accepting the 
observations themselves as undoubtedly correct. As to the facts, 
there can no longer be any question. It is as certain as any such 
thing can be, that bacteria of various kinds have been seen engulfed 
in the substance of the white blood corpuscles. Metchnikoffs ex- 
periments have been repeated and his statements confirmed time and 
again by himself, by Wyssokowitsch,® Hess,^ Nuttall,® and other com- 
petent observers. 

The point at issue is simply this: Do the leucocytes march upon 
and devour the living bacteria? or do the bacteria die in the blood 
because they are in other respects in unfavorable circumstances, and 
then, when the bacteria are already dead, do the leucocytes step in 
and devour the corpses? Are the leucocytes brave soldiers, or only 
faithful scavengers? The mere fact that bacteria have been seen in- 
side a white blood-cell of course proves nothing. Metchnikoff has 
sketched from observation white blood corpuscles in the act of envel- 
oping anthrax bacilli, and other corpuscles containing anthrax bacilli 
in various stages of decomposition. Yet clearly in these cases it can- 
not be determined whether the leucocytes attacked the bacteria while 
alive, or simply engulfed them when dead. 

There are, nevertheless, some considerations which appear to favor 
the idea that the leucocyte is a fighting cell. It is well known, for 
instance, that at ordinary temperatures frogs are not susceptible to 
anthrax, and, though inoculated with virulent bacilli, remain perfectly 
healthy. If, however, the frogs are kept at about 85° F., the leuco- 
cytes in the frogs' blood no longer take up the bacilli as before, and 
the animals soon become infected with the disease. Metchnikoflf ex- 
plains the fact that the anthrax bacilli are more potent at the higher 
temperature by the hypothesis that they have been accustomed to 
deal with and overcome the leucocytes of warm-blooded animals, and 
therefore are at a disadvantage in combating the leucocytes of the 
cold-blooded frog. His opponents quickly dispose of this explanation 
by retorting that the anthrax bacilli are never able to thrive at a low 
temperature, but soon die in the cold blood of a frog, and are then 
consumed by the phagocytes. At a higher temperature, the anthrax 
bacilli are able to exercise their full virulence, and the leucocytes, al- 
though also undoubtedly quickened by the warmth, are not able to cope 
with the active living bacteria, and the latter win a signal victory. 
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Other facts brought forward in favor of the theory are, that, if an 
animal be inoculated with a small quantity of bacteria, there will after- 
wards be found in the blood a much larger number of leucocytes than 
at first, seeming to show a strengthening of forces to meet the attack 
of the enemy. It has also been stated, that anthrax bacilli which have 
been killed by boiling are not so quickly taken up by the leucocytes 
as are those injected alive, — a fact that would of course indicate that 
the leucocytes do not trouble themselves about dead, and consequently 
innocuous bacteria. This would seem materially to strengthen the 
cause of Metchnikoff and his followers. 

On the other hand, it has never been proved experimentally that 
bacteria have been destroyed by phagocytes, and by phagocytes alone. 
Baumgarten,^ Bitter,^® and others, have urged this utter lack of positive 
evidence, and have demonstrated how insecure is the basis of the 
phagocyte theory, judged on this point alone. There is, in addition, 
a certain kind of evidence of the existence of hostile influences in 
the body outside of the leucocytes. A number of observations have 
shown that anthrax bacilli have often suffered some damage before 
they became the prey of the phagocytes. Some very suggestive ex- 
periments by Christmas-Dirkinck-Holmfeld ^^ showed that only com- 
paratively few bacteria were taken up by the leucocytes, and that by 
far the greater number of bacteria were destroyed outside the cell. 
He proved conclusively that, even if the phagocytes did play some part 
in the struggle of the organism against harmful foreign bodies, they 
were not the sole defenders, — theirs indeed was not the chief rble. 
There are manifestly other influences in the body hostile to bacteria. 

This bacteria-destroying influence has been thought to be resident 
in the blood, the belief being based on the researches of Nuttall,^ 
Buchner,^^ Nissen,^^ and others. These observers proved that blood 
taken from the body possessed germicidal properties, and that blood 
serum, freed from all corpuscles, could destroy even virulent anthrax 
bacteria. This remarkable property is lost on heating the serum to 
55** C, but at ordinary temperatures persists for days. This fact was 
thought to give the death-blow to the phagocyte theory, because 
if blood serum per se was able to destroy bacteria, there was clearly 
no need for supposing that the leucocytes voluntarily attacked living 
bacteria. It might be held more reasonably that the leucocytes simply 
took up the bacteria which were already killed or weakened by the 
influences shown to exist in blood serum. 

Very recently an exceedingly important paper by Lubarsch ^* has 
appeared, in which the author urges that, although the blood outside 
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the body is able to destroy bacteria, this has not been proved true of 
the same blood inside the body. Indeed, his experiments show very 
plainly that a great difference exists. In one experiment, for example, 
a single drop of rabbit's blood, when removed from the body, de- 
stroyed 53,700 bacilli, but all the blood of the same animal when 
inside the body could not kill 16,430 bacteria with which the animal 
was inoculated ; on the contrary, the bacteria multiplied, and the ani- 
mal died. Lubarsch attributes this startling difference to the different 
conditions of nutrition existing inside and outside the animal body. 
However this may be, there seems no reason for doubting the fact, that 
in the living animal the substances normally present in the blood exert 
no perceptible injurious effect upon living bacteria. 

Lubarsch also records a number of experiments bearing more closely 
upon the phagocyte theory, and concludes from their results, that, 
although leucocytes do occasionally take up living bacteria, there 
is no such wholesale destruction of the bacteria by the white blood 
corpuscles as supposed by Metchnikoff's theory. He recognizes 
rather an influence proceeding directly from the body cells, which 
not only prevents the multiplication of the bacteria, but may even 
kill them. 

On the whole, the burden of proof rests decidedly upon the advo- 
cates of the phagocyte theory. We are plainly not in a position at 
the present time to frame an adequate theory of immunity. There is 
no convincing evidence of any struggle of the leucocytes with the 
living bacteria. The existence of the cell militant cannot as yet be 
recognized. On the contrary, there is a large and increasing amount 
of testimony against the possession of the soldier function by the white 
blood-cell. 

While the theory that the leucocyte is the defender of the organism, 
and the theory that it is the agent by which fat is taken inside the 
body, have been by far the most prominent of recent views concerning 
the function of the white blood-cell, there is still another way by which 
it has been thought that the leucocyte might make good its claim to 
be considered a helpful member of the organism. This is Cohnheim's 
theory of the formation of scar-tissue. Cohnheim, supported by Ziegler 
and other accurate observers, held that the leucocytes which wandered 
into an inflamed area were not only the source of the pus cells when 
pus appeared, but were also the formative cells for the new tissue, 
if any new tissue were formed. This view has always been more or 
less opposed by some investigators in this field, and has recently been 
discussed afresh, by Sherrington and Ballance.^ These observers have 
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made a number of careful experiments on the formation of scar-tissue, 
and conclude that the theory that scar-tissue is produced by the trans- 
formation of leucocytes should be abandoned. " Our observations 
yield no support to Cohnheim's view of the genesis of cicatricial tissue 
from leucocytes." 

The present seems indeed to be a time when the leucocyte is being 
denied what few virtues it was once allowed to possess, for Looss ^* has 
controverted in toto Metchnikoff's fundamental observation, that the 
leucocytes are the active agents in destroying the useless tissues of 
animals, — as the tail of a tadpole at the metamorphosis period. " Not 
only the muscles and nerves, but also the other tissues of the batra- 
chian tail, are destroyed independently, and are digested by the fluids 
of the body without the help of the leucocytes." 

Thus it is evident that, although the last few years have materially 
advanced our knowledge of the white blood-cell, and given rise to 
many ingenious theories concerning its function, we cannot accept any 
one of these theories as the whole truth and nothing but the truth. 
It is yet impossible for the physiologist to state positively the func- 
tion of the white blood-cell. 
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ON THE DETERMINATION OF CARBONIC ACID IN 
WATER, AND THE BICARBONATES OF LIME AND 
MAGNESIA. 

BY ALLEN HAZEN, Ph. B. 

I HAVE tried various methods for the determination of carbonic acid 
in water, depending upon the precipitation of calcium carbonate, and 
also by boiling off and weighing in potash bulbs. The results obtained 
were not satisfactory ; not only did the different processes fail to give 
concordant results, but duplicate determinations by the same process 
seldom agreed. The reason for these unsatisfactory results, as I shall 
show, is loss of carbonic acid during the collection of the sample and 
the measuring out of portions. 

To overcome this difficulty, I have proceeded as follows. A gradu- 
ated flask, having a considerable space in the neck above the mark, is 
filled from a tube passing to the bottom of the flask, and at least sev- 
eral hundred cubic centimeters of water are allowed to pass through 
and overflow the flask. This is easily done when the water is taken 
from a tap. In other places a different arrangement must be used. 
The precautions required are precisely the same as for the collection 
of samples for dissolved oxygen ; the water must not at any time come 
in contact with air, or any other gas. The water in the flask is rapidly 
brought to the mark by means of a siphon, and lime-water, or caustic 
soda free from carbonic acid is at once added in such quantity that 
when mixed it will color phenolphthalein. A large excess is to be 
avoided. After mixing, the contents of the flask may be poured out 
without danger of loss, and the carbonic acid determined by well known 
methods depending upon the precipitation of calcium carbonate. 

It is much easier, however, to titrate with acid, using first phenol- 
phthalein, and after the pink color is discharged using methylorange 
as an indicator. The difference between the quantities of acid required 
with the two indicators represents one half the total carbonic acid. 
Instead of proceeding in this way it is found to be more convenient to 
add standardized alkali in slight excess, and titrate back with acid, 
using phenolphthalein as an indicator. Another portion of water is 
titrated directly with acid using methylorange. In this case the sum 
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of the acid used with methylorange, and the acid equal to the alkali 
required with phenolphthalein is equal to one half the carbonic acid. 

This process depends upon the neutrality of bicarbonates to phenol- 
phthalein. Sutton* makes use of this titration for the determination of 
carbonate in presence of caustic alkali. To determine the accuracy of 
the process, titrations were made of a solution of ignited sodium car- 
bonate, and of a mixture of this solution with water, and with other 
salts. The water used was made free from carbonic acid by prolonged 
aeration with air which had first passed through caustic potash. A 
few results are as follows : — 
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^ Volumetric Analysis, 5th ed., p. 46. 
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The low results with a concentrated, solution of sodium carbonate 
are due to the loss of carbonic acid during titration from that portion 
of the surface of the liquid which is acid. This loss is greatly reduced 
by keeping the liquid thoroughly mixed, and by using a not too con- 
centrated solution. The presence of calcium and magnesium chloride 
does not influence the result Even with one per cent, fairly good 
results were obtained. Ammonia does not influence the result when 
present in as large quantity as is found in water or sewage. With a 
very large amount the result is too high. 

This process thus gives good results, under suitable conditions, with 
sodium, calcium, magnesium, and ammonium carbonates. We may 
then fairly assume that the results obtained for waters are correct, es- 
pecially when the alkali used is only in slight excess, as then there is 
almost no chance for loss of carbonic acid during the titration, which is 
by far the greatest source of error. 

Water at 15** will dissolve about its own volume of carbonic acid, or 
200 parts per 100,000 by weight Atmospheric air contains only 4 
parts of carbonic acid in 10,000, and therefore water saturated with air 
will contain only 0.08 of a psrt per 100,000, — a quantity too small to 
be determined. We should expect, then, that a water containing free 
carbonic acid would very rapidly lose it on exposure to the air, and 
this is the case. I have found that water which, taken from a tap in the 
manner stated, has 15 parts per 100,000 of free carbonic acid, will not 
show more than 8 or 10 parts when a bottleful is taken, and flasks are 
filled from it at once, by pouring. Naturally, no two results will agree; 
the more exposure, the lower will be the result With the process de- 
scribed, it is possible to obtain an indefinite number of closely agreeing 
determinations. 

By prolonged exposure, the carbonic acid is reduced to twice the 
equivalent of the free base present This is well shown by the follow- 
ing experiment. A large bottle was filled with a natural water contain- 
ing much carbonic acid and but little oxygen, A slow and regular 
stream of air was blown through, and, at frequent intervals, samples 
were siphoned out for the determination of carbonic acid and dissolved 
oxygen. The results obtained during the first two hours are shown by 
the following diagram. 

Experiments have been made in the same way, using distilled water 
and solutions of sodium, calcium, magnesium, and ammonium car- 
bonates in water with an excess of carbonic acid. The results are 
almost exactly like that shown by the diagram, and need not be given 
here. By continuing the air current for a very long time, a slight addi- 
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tional amount of carbonic acid is removed, and the water will then 
color phenolphthalein. The rate of removal of carbonic acid, after 
reaching the point where it is equivalent to twice the base, is many 
times slower than before. To this point the rate is equal to the rate of 
removal from distilled water containing as much carbonic acid as there 
is here excess over twice the equivalent of base. 

These experiments show the existence of real bicarbonates of cal- 
cium and magnesium. They also indicate that these bicarbonates are 
slightly dissociated by water, as is also sodium bicarbonate in equal 
dilution. 

Lawrence Experiment Station, 
Mass. State Board of Health. 
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DATA AND PLOTS OF VARIOUS INCANDESCENT LAMPS. 
TOGETHER WITH AN IMPROVED METHOD OF 
TESTING.^ 

PART II. 

BY WM. L. PUFFER, Instructor in Physics. 

The object of this investigation was to determine the efficiencies 
of various makes of incandescent lamps. The method used was simi- 
lar to, but in all respects an improvement upon, that used in 1885 
by the Franklin Institute. The component measurements to be made 
are these : — 

1. The current passing through the lamp. 

2. The difference of potential between the lamp terminals. 

3. The required photometer readings. 

The current was determined by a Thomson current galvanometer 
placed in series with the lamp and an adjustable resistance for regulat- 
ing the potential. The difference of potential was determined by a 
Thomson potential galvanometer of 7,5CX> ohms resistance connected 
with the terminals of the lamp. Great constancy of potential was ren- 
dered possible by the use of an automatic governor designed and built 
by the department. The current readings were corrected by deduct- 
ing the current flowing through the potential galvanometer. 

(The description of holder and method of working are omitted, 
as they are similar to those given in the first part of the paper. — 
W. L. P ) 

The following varieties of lamps were tested in the order given : — 



C, D, M, Sawyer-Man 


,110 volts 


, 16 c. p., 


mai 


ked 16 c. p., A ^16 c. p. A 4 


A, B, L, 


60 " 


16 '• 




' 16 " B4 


I,J,K, Weston, 


110 '* 


16 « 




' 16 " 110 volts, B.B.G. 


E, F, N, Edison, 


110 •' 


16 " 




' Edison»s patents, 16 c, 3.1 


R. S, T. 


93 " 


16 *' 




16 c 


0,P,Q. - 


as " 


16 " 




16 c 


G, H, 


110 " 


32 - 




•' 32 0,3.1 



1 From Graduation Thesis on the Distribution of Lipht around Incandescent Lamps, with 
Efficiencv Measurements, by Henry M. Hobart and Earl W. Gannett, Massachusetts Insti- 
tute of Technology. These results and plots are taken directly from the thesis, with no 
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Three separate lamps of each kind were tested ; two separate tests 
by different observers were made on each lamp, and their means taken 
to represent the values for that particular type of lamp. 

Therefore, forty-two tests were made on twenty-one lamps of seven 
varieties. Every final result is the mean of the results for three sepa- 
rate lamps and for six separate tests. Every point plotted on the dia^ 
grams is the mean of twenty-four settings of the photometer disk. 
Four careful determinations of the value of " H " were made by the 
Kew magnetometer at the outset. The four results and their mean 
are .1747, .1751, .1744, .1748; mean, .1748. 

The accuracy of the results was insured by checking, at three differ- 
ent stages of the work, the means of the results and the results of the 
means. 

The following table and the first table on page 189 are taken from 
the thesis to show methods of combining results and the agreements. 

Photometric Observations on Lamp J, being a Mean of Observations J, 

BY E. W. G., AND Ja, BY H. M. H. 



Angle. 


Horizontal 0®. 


Vertical 0^. 


Vertical 45°. 


Vertical go° 


Vertical 135^ 





14.90 


15.13 


24.28 


25 68 


20 46 


30 


2013 


15.13 


22.63 


24.25 


18.45 


60 


25 70 


11.93 


1541 


17 73 


13 33 


90 


27.73 


858 


885 


918 


900 


120 


23.23 


11.25 


15.60 


1818 


13 81 


150 


17.58 


13.60 


21.53 


25.15 


18.88 


180 


1491 


15.38 


24.45 


27.10 


20.40 


210 


2003 


15.13 


21.83 


22 73 


1813 


240 


25.60 


11.46 


14.78 


14.13 


10.53 


270 


2783 














300 


22.86 


903 


1208 


12.46 


12.50 


330 


17.53 


14.28 


21.03 


22.71 


1803 





1513 


1518 


24.23 


25.88 


2055 



correction or recalculations, which seemed unnecessary. I have added a few tables and words, 
which are in all cases accompanied by my initials. The work was intended for, and is, an 
extension of previous work, under far better conditions, and with the latest lamps obtainable. — 
Wm. L. Puffer. Reprinted from the Electrical Engineer, New York, April 2, 189a 
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Edison, no Volt, 16 Candle-power, 3.1 Watts. — Mean Results of 
Lamps E, F, N, and the Mean of these three Means. 





£. 


F. 


N. 


Mean. 


Mean sUndard reading . . . . 


16.07 


13.08 


14.57 


14.57 


Mean spherical candle-power . 


12.49 


11.49 


13.03 


12.34 


Spherical reduction factor . . 


0.779 


0879 


0.895 


0.851 


Mean horizontal candle-power . 


16.16 


1533 


16.80 


16.10 


Horizontal reduction factor . . 


1.007 


1,172 


1.152 


LIU 


Ratio of spher. c p. to hor. c. p. 


0.774 


0.751 


0.776 


0.767 


Volts 


1100 


110.0 


110.0 


1100 


Amperes 


0.4705 


0.4377 


0.4574 


04552 


Watts 


51.76 


48.15 • 


50.31 


50.07 


Watts per spher. candle-power . 


4.156 


4.191 


3.862 


4.070 


Watts per hor. candle-power 


3216 


3.147 


2.996 


3120 


Resistance (hot) 


2338 


251.3 


240.5 


241.9 



1889 Lamps in Order of Efficiencies expressed in Terms of Watts per 
Spherical Candle-power. (W. L» P.) 





Maker. 


Voluge. 


Rated 

candle-power. 


Watts per 
candle-power. 


Candles per 
electrical 


1 

2 
3 

4 
5 
6 
7 


Sawyer-Man 

Weston 

Edison 

M 


60 
110 
110 
110 
110 
85 
93 


16 
16 
16 
32 
16 
16 
16 


3.00 
3.17 
3.47 
3.89 
4.07 
5.04 
5.32 


249 
239 
220 
192 
184 
148 
140 
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1889 Lamps in Order of EpnciENaES expressed in Terms of Watts per 
Horizontal Candle-power. (W. L. P.) 





Maker. 


Voltage. 


Rated 
candle-power. 


Watts per 


Candles per 

electrical 
horee-power. 


1 

2 
3 

4 
5 
6 
7 


Sawyer-Man 

w 

Weston 

Edison 

M 
€1 


60 
110 
110 
110 
110 
85 
93 


16 
16 
16 
32 
16 
16 
16 


2.45 
262 
2.93 
308 
3.12 
3.98 
426 


306 
288 
261 
242 
240- 
188 
175 



1889 Lamps. Showing Candle-power actually given out in Spherical 
Candle-power in Percentage of Rated Candle-power. (W. L. P.) 





Maker. 


Voltage. 


Rated 


Percent. 


1 

2 
3 
4 
5 
6 
7 


Sawyer-Man 

Weston 

Sawyer-Man 

Edison 


110 

110 

60 

93 

110 

110 

85 


16 
16 
16 
16 
16 
32 
16 


147 

131 

119 
79.1 
77.1 
75.2 
65.5 


U 


t* 
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1889 Lamps. Showing Candle-power actually given out on the Horizoni'al 
Circle in Percentage of the Rated Candle-power. (W. L. P.) 





Maker. 


Voltage. 


Rated 

candle-power. 


Per cent. 


1 

2 
3 
4 

5 
6 

7 


Sawyer-Man 

Weston 

Sawyer-Man 

£dison •.. 


110 
110 

60 
110 

93 
110 

85 


16 
16 
16 
16 
16 
32 
16 


178 

155 

146 

101 
98,9 
95.0 
83.1 


«i 


M 


If 





Comparison of Four last preceding Tables, showing Position of Lamp 
when compared according to these methods. (w. l. p.) 



Maker. 


Voluge. 


Rated 
candle- 
power. 


Watts per 

ipherical 

c p. 


Watts per 

horizontal 

cp. 


Per cent 

spherical 

cp. 


Per cent 
c. p. 


Sawyer-Man 

it 

Weston 

Edison 

u 

M 

m 


60 
110 
110 
110 
110 
85 
93 


16 
16 
16 
32 
16 
16 
16 


1 
2 
3 
4 
5 
6 
7 


1 
2 
3 
4 
5 
6 
7 


3 

1 

2 
6 

5 
7 
4 


3 

1 
2 
6 
4 
7 
5 
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In addition to these results, it is necessary to know three more 
things before deciding which lamp is the best one, and the cheapest 
to use: I. cost of new lamps; 2. life of lamp when burned at proper 
voltage ; 3. fall of candle-power due to increase in the life of lamp. 

Under the cost of lamps must be reckoned the percentage of broken 
lamps which are always found in a batch of new lamps, the number 
which break instantly or within a few minutes of the time the current 
is first turned on, and those with defective fittings or otherwise in such 
condition that they cannot be burned. What experience I have had 
»with lamps of the above kinds points to the conclusion, that from three 
to five per cent is about the proportion of loss ; from actual count on 
one of the makes I find that I lose about five per cent of every new 
lot. This loss makes a very material difference in the cost of a lamp, 
and must be taken into account. As to the life of lamp and fall of 
candle-power with age, I have no figures ready for publication. It is 
a very open question whether a lamp's life ends when it ceases to give 
say 50 per cent of its original light, or when it becomes blackened, 
or when the filament actually breaks. From the moment the current 
is first turned on, the lamp begins to depreciate, sometimes increasing 
and sometimes diminishing in candle-power, or even both, until the 
filament finally breaks. I believe in a lamp that maintains its original 
light, or possibly increases it, until it has run a number of hours, and 
then fails rapidly and breaks, and not in a lamp which is at rated 
candle-power only for the first few hours of its life, and then dies by 
slow consumption at the end of its guaranteed life with a light only 
perhaps five or ten per cent of its original brightness, having lived as 
a " red-hot hair-pin " for the last half of its life. 

It should be stated that all of the Weston and Sawyer- Man lamps 
were bought in Boston of the supply companies out of stock, and were 
in their original wrappers when taken for test. No questions were 
asked as to the use to which the lamps were to be put. Of the Edison 
lamps tested, the no volt 16 c. p. lamps came out of a stock of lamps 
on hand for general lighting use, but the rest were ordered by the 
local Edison company from the lamp factory, knowing that they were 
for testing purposes. Lamps could not be bought without a declaration 
of the purpose for which they were wanted. 

Rogers Laboratory of Physics, 

Mass. Inst, of Technology, December^ 1889. 
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E, F, N. 

Lamp. — Edison new, no volt. i6 c. p. 3.1 Watts. 

Mean standard reading = 14.57. 

Mean spherical c. p. = 12.54. 

Spherical reduction factor = 0.851. 

Mean horizontal c. p. = 16.10. 

Horizontal reduction factor = i.iii. 

Mean sph. c p -f mean bor. c p. = 0.767. 

Volts 5= 1 10.0. 

Amperes = 0.4552. 

Watts = 50.07. 

Watts per mean sph. c p. = 4.070. 

Watts per mean hor. c p. ^ 3.120. 

Rated c. p. = full circle. 

Mean sph. c. p. = dotted circle 

Mean hor. c. p. = dashed circle. 

Section of filament = Rect. 

Scale of c. p. = 10 c. p. to inch. 



Full circle reduced from 3.2" to 2.5" in engraving. 



HOEIZONTAL 
16.18 



VERTICAL 




24.64 



tHJSt 



10.85 




ie.70 



14.78 



18.80 



VBB^CAL 60 



VEBTrCALiao 




16.20 icjmJ 




1&04 



Digitized by 



GoogU 



R, S, T. 

Lamp. — Edison, 93 volt. 16 c. p. 
Mean standard reading = 13-38. 
Mean spherical c. p. ^= 12.65. 
Spherical reduction factor = 0.947. 
Mean horizontal c. p. =3 15.83. 
Horizontal reduction factor = 1.185. 
Mean sph. c p. -r mean hor. c. p. = O.800. 
Volts = 93.00. 
Amperes ^ 0.7240. 
Watts = 67.33. 

Watts per mean sph. c p. = 53 2 5. 
Watts per mean hor. c. p. = 4.259. 
Rated c p. ss full circle. 
Mean sph. c. p. as dotted circle. 
Mean hoV. c. p. = dashed circle. 
Section of filament = Rect. 
Scale of c. p. = 10 c. p. to inch. 



Full circle reduced from 3.2" to 2.5" in engraving. 



HOBIZONTAL 
16.76 



vrarncAL 0^ 



ie.tt 



18.85 



UM 




18J» 




TERETCALflO*' 



10U» 




VBHnCAL l«r 



18J8 



16.07 
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O, P, Q. 

Lamp. — Edison, 85 volt. 16 c p. 

Mean standard reading =3 12.06. 

Mean spherical c. p. = 10.48. 

Spherical reduction factor = 0.873. 

Mean horizontal c. p. = 13.30. 

Horizontal reduction factor = 1.108. 

Mean sph. c. p. -r mean hor. c p. = 0.789. 

Volts = 85.00. 

Amperes = OL62oa 

Watts =s 52.70. 

Watts per mean sph. c. p. == 5.044. 

Watts per mean hor. c p. = 3.976. 

Rated c p. s=s full circle. 

Mean sph. c. p. = dotted circle. 

Mean hor. c.p. = dashed circle. 

Section of filament = Rect. 

Scale of c. p. = 10 c. p. to inch. 



Full circle reduced from 3.2" to 2.5''' in engraving. 
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18.M 
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18.00 
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VERTICAL 136 
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G, H. 

Lamp. — Edison, no volt. 32 c. p. 3.1. 
Mean standard reading = 27.21. 
Mean spherical c. p. = 24.08. 
Spherical reduction factor = 0.890. 
Mean horizontal c. p. = 30 39. 
Horizontal reduction factor *= 1.122. 
Mean sph. c. p. -j- mean hor. c. p. = 0.793. 
Volts =110 
Amperes = 0.8507. 
Watts = 93.58. 

Watts per mean sph c. p. = 3.889. 
Watts per mean hor. c. p. = 3.081. 
Rated c p. =» full circle. 
Mean sph. c. p. = dotted circle. 
Mean hor. c. p. = dashed circle. 
Section of filament = Rect. 
Scale of c. p. = 20 c. p. to inch. 



Full circle reduced from 32" to 2.5" in engraving. 
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EDITED BY JAMES P. MUNROE. 



Vol, III. AUGUST, 1890. No. 3. 

COMMEMORATIVE ADDRESS TO THE CLASS OF 1890. 

(DELIVERED ON GRADUATION DAK) 
BY AUGUSTUS LOWELL, Esq., Member op the Corporation. 

Gentlemen and Ladies, — Twenty-five years have passed since 
this building was finished and the Institute of Technology was opened, 
upon a very modest scale and with a very small number of scholars ; 
but the germ was there, and its rapid growth has come from allowing 
the school to develop by a process of evolution which has accommo- 
dated its teaching gradually and surely to the wants of the age, until, 
although far from perfect, it is to-day in completeness and compre- 
hensiveness of technical instruction unsurpassed, if not unrivalled, by 
any institution of its kind. 

The term " Technology " was given it by Dr. Jacob Bigelow, one of 
its earliest advocates, to represent a new departure in the history of in- 
struction. Previous to this attempt, science had been taught as other 
branches of polite learning, by the university method, with little profit 
to the ordinary student ; while those who made it their serious study 
prepared to devote their lives to its service, with no thought of applying 
it to the affairs of life. Science, pursued for its own sake, had little con- 
cern for the demands of trade. Any such partnership was beneath its 
dignity, and justly so. A great change was approaching, however, in 
the industries of the country. New fields of labor were to be opened 
up, based upon the discoveries of science and the inventions to which 
these had given rise, and a class of men would be needed to conduct 
these new industries for whose instruction no provision had been made 
in the established systems of education. To meet this want was the 
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aim of the founder of tiiis school, Professor William B. Rogers. Him- 
self a student of pure science and eminent in many of its branches, 
but gifted with a rare power rightly to interpret the coming movement, 
he threw himself enthusiastically into the work. 

Professor Rogers was a native of Virginia. He had long been the 
Director of its Geological Survey, and Professor of Chemistry and 
Physics in its great University, but he had married here and had lately 
come to Boston to make it his home. To his high reputation as a 
scientist he added a rare power of lucid explanation, which enabled 
him to command the attention of all who listened to him, even when 
discussing the most abstruse subjects; and so simple and engaging 
was* his manner that the fascination he exerted over all classes of men 
was irresistible. With these qualities he gathered about him a mis- 
cellaneous collection of persons distinguished in their several branches 
of business, but with little scientific knowledge or training. To them 
he explained the advantage which his science could bring to their pur- 
suits, and invoked their public spirit to enable him to confer upon the 
community the inestimable blessing of such a school as he had con- 
ceived. Upon these men he relied for such advice and assistance in 
practical matters as he required, but the conception was his own, and 
for many years he not only planned, but carried on the work, supple- 
menting the instruction, where needful, out of the fund of his own 
great knowledge and acquirements. It*is not too much to say, not 
only that but for him would no such school have been founded, at least 
not at that time, but that it would have been impossible, with such a 
staff and such appliances as he had at command, to have held it to- 
gether, had he not been endowed with so remarkable a talent for 
imparting the vast knowledge he possessed, and gifted with a power 
of sympathy and enthusiasm which affected all who approached him. 

Having secured the interest of this knot of followers. Professor 
Rogers's next step was to obtain from the Legislature a charter and 
a grant of land. These were given in April, 1861, upon condition 
that fifty thousand dollars should be raised by private subscription 
to erect a building. The necessary sum was secured through the 
generous gifts of Dr. Walker and Mr. Huntington. The time, how- 
ever, was not favorable to such an undertaking. The guns of Fort 
Sumter were still echoing in the public ear, and the demands upon 
the time and means of our citizens, and upon their interest and ener- 
gies in the struggle for the maintenance of the Union, left little leisure 
or thought for other objects. The organization of the school was 
doubtless also hampered by the strangeness of the project, and the 
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incredulity of the public as to the demand for such instruction. It 
was not to be expected that it should at once meet with such public 
recognition as to secure for it a proper organization and equipment. 
The project was novel, and as it had been started by the foresight and 
public spirit of a few individuals, it must be carried on by them at their 
own expense and by their own exertions until the public mind should 
have become educated to appreciate the service it was prepared to 
render. It was clearly a case where the supply must be expected to 
create the demand. To-day, after the Institute of Technology has 
been sending its young men out into the world for a quarter of a 
century, trained to apply the principles of science to the exigencies 
of the useful arts, there is a tenfold greater demand for its graduates 
than before such a supply existed 

The close of the civil war found the people of this country ripe 
for rapid development The excitement and bustle of war were to 
be replaced by such an exhibition of national energy in the peaceful 
arts as the world had never before witnessed. Great inventions, due 
to the scientific progress of the past fifty years, were crowding upon 
us. Hereafter entirely new classes of activity were to appear, and 
the youth of the country, in order to take their place in the coming 
change, must be specially equipped for the work. 

In February, 1865, the school was opened with 27 scholars; the fol- 
lowing year there were 72, and from this the number rose rapidly, until, 
in 1872, it had reached 348. Then came the financial crisis, with the 
loss of credit, depression of industry, and reduction of private incomes, 
and the effect of these upon the school was most disastrous. The 
number of students fell in three years to little more than one half what 
it had been in 1872, and this was followed by a forced reduction of 
expenditures, dismissal of valued instructors and a call upon those 
who remained to do so at a serious reduction in their salaries. The 
retrenchments rendered necessary at this time came near destroying 
the Institute of Technology. It had few graduates to speak for it, 
and they were young men, occupying subordinate positions. Its 
friends were almost entirely confined to Boston, and some of these 
began to distrust the enterprise which they had assisted in founding, 
and more than one meeting of the Corporation was held which came 
near resulting in the abandonment of the whole undertaking. 

The excellent work of its earlier days of poverty and depression and 
the reputation of its graduates saved it. With the revival of business 
prospects in 1879 dawned a new era of prosperity for the school. 
Again the number of scholars began to increase. In 1880 it was 
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200, and from that time it has steadily grown, until now it has reached 
900, and this with no lowering of the standard of scholarship either for 
admission or graduation. Nine hundred students, ninety permanent 
instructors, and eleven separate courses, each comprising many branches 
of instruction, mark the point we have reached to-day. Truly a won- 
derful result to have been accomplished in so short a time ! 

Such an unprecedented growth has called for new and ever increas- 
ing expenditures by the Corporation, for which the means have never 
been in hand. Thus the building put up in 1883 cost $300,000, for 
which there was only $63,000 specially provided. The debt at one 
time reached $200,000, and but for the courage and generosity of 
the treasurer, Mr. John Cummings, who put his own name upon its 
paper, it would have been impossible to go on. 

To superinterrd the work of such an institution demands courage 
and foresight on the part of its Directors. To recognize the require- 
ments of an enterprise of such rapid growth, and to provide in advance 
that there may be no hesitation or delay in carrying on the work 
efficiently, calls for business talent of no mean order; to do all this 
trusting to the future generosity of an appreciating public requires a 
reliance upon human generosity, and a blind confidence in the future, 
which find no place in the ordinary conduct of affairs. 

But even with a wise and efficient government, failure must have 
ensued but for the generous co-operation of the Faculty. Patience, 
resolution, and self-sacrifice have all been required at the hands of 
the Professors and teachers, and nobly have they done their part. In 
the early days of the school the service of these men was a labor 
of love, but animated by their leader and encouraged by his de- 
votion, they labored on, at every sacrifice, and earned a debt of 
gratitude from all lovers of higher education, which was the only 
return they could hope to receive beyond that of their own approval. 
In the name of the Corporation I desire to put upon record our full 
appreciation of all that they have done and are still doing for the 
Institute, and to thank them in our own name and that of the public 
for their faithfulness and generosity. I know they have a pride in 
their work. I know that they glory in the Institute; and well they 
may, for it is above and beyond all things the result of their conscien- 
tious and disinterested labors. 

The debts of the Institute were paid in 1889, through the generosity 
of the Commonwealth, and by means of a large private contribution 
obtained chiefly through the exertions of Mr. William Endicott, Jr. 
But it was not destined to remain long out of debt This condition 



Digitized by 



Google 



Commemorative Address to the Class of ligo. 197 

had hardly been reached before it became evident that the renewed 
demand for space, due not more to the increase of students than to 
the rapid specialization of the work of the Institute and the higher and 
larger types of machinery and apparatus, had rendered the extension 
of only six years before inadequate.^ To meet this want the Corpora- 
tion was compelled last summer to erect a new engineering building on 
Trinity Place, at a cost of $120,000, of which we»owe practically the 
whole amount to-day. We have now ample space, but there is much 
that ought to be done, in justice to the teachers especially, which we 
would gladly do, but cannot for lack of means. The school has grown 
so fast, that it has been impossible to preserve its due proportions. 
Much has been pushed aside to meet more urgent wants, and we are 
sometimes almost tempted to wish that we could pause and put our 
house in order. But as success means growth, and rapid growth must 
necessarily be accompanied by much incompleteness of detail, we must 
accept its conditions, while we triumph in the result of our work, and 
remember that the school can never be complete until it has ceased to 
grow, and that then its days of usefulness will be numbered. Great, 
however, as have been and still are the needs of the Institute, it never 
has been our habit to proclaim our wants. We have rather chosen 
to rely upon the recognition of a service well performed, knowing 
that the public is never slow to appreciate what deserves support, and 
may be trusted to see that an institution from which it gains so much 
is not suffered to languish for lack of means. 

An institution of learning may make a demand upon public recogni- 
tion and gratitude because of its good work in training successive 
classes of young men for usefulness in life, even though it be not an 
innovator in education, and uses only the old and familiar methods of 
instruction ; but it may acquire a further and larger claim by becoming 
a leader in its department, by introducing new methods, and opening 
the way to a better kind of intellectual and professional training. 

How the Institute of Technology has dealt with the thousands of 
young men who have been its pupils since 1865, what it has done for 
them, what places they now occupy in the industrial system, what 
services they have rendered to the arts and industries of the country, 
common fame will tell. Those who would study this matter more 

1 The expense of instruction at a scientific and technical school increases far more rapidly, 
under an increase in the number of pupils, than at an ordinary classical college. The students 
must be taught in small sections, often in little groups around a machine or piece of apparatus, 
under the guidance of an instructor. The cost of delicate instruments and powerful machines, 
which must always be kept abreast of invention and the best professional practice, is also 
very great. 
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carefully will find material in the lists of its graduates and of the places 
they fill, as told in the annual catalogues. 

But in addition to its work in training a certain number of young 
men for the duties of life, the Institute of Technology has been pre- 
eminently a leader in education. Its influence has not been confined 
to what it has done for its own pupils, but has extended as far as its 
example of advanced scientific and technical instruction has gone. 

Almost at the very outset a long step forward was taken in the 
establishment of a laboratory of general chemistry. Up to that time 
general chemistry had been taught wholly by means of text-books, 
or by lectures with experiments by the lecturer. The student's part 
was only to look and to listen, and learn in this way what he could. 
It was not until the student was put into the analytical laboratory, and 
took the retort into his own hand, that he did or discovered anything for 
himself. Under the inspiration of Professor Rogers and the enterprise 
and administrative skill of Professor Charles W. Eliot and Professor 
Frank H. Storer, a laboratory of general chemistry was established, 
and the pupil from the first day of his chemical studies was set to teach 
himself. This was no analytical laboratory. It was simply designed as 
a means of illustrating, emphasizing, and supplementing the instruction 
of the lecture-room in regard to the nature of chemical action and the 
characteristics of the principal elements. The student was not told what 
he should find. He was told to do something and note what occurred. 
He was thrown upon his own faculties of observation and reflection. 
He learned to know himself, and to measure his own power, and he 
acquired ease and accuracy of manipulation by practice. So far as 
known, this was the first laboratory of such a character set up in the 
world. Certainly it was the first one instituted in the United States 
for the instruction of considerable classes of pupils. The publication 
of Eliot and Storer*s Manual, designed for students taking this course, 
marked an epoch in the history of education. 

Another equally important step in scientific education, and one of 
which the originality is beyond doubt, was taken at about this time in 
the establishment of a laboratory now known as the Rogers Laboratory 
of Physics. Under the inspiration of President Rogers the scheme 
of a laboratory where the student of physics should be set to make 
observations and conduct measurements for himself, in demonstration 
and illustration of the physical laws taught in the lecture-room, was 
carried out with remarkable ability on both ^he scientific and adminis- 
trative sides by Professor Edward C. Pickering, now Director of the 
Harvard Observatory. So complete was Professor Pickering's study 



Digitized by 



Google 



Commemorative Address to the Class of i8go. 199 

of the needs and capabilities of such a laboratory, so masterly his treat* 
ment of it, that it has required only more room and additional apparatus 
to allow the system he then devised and formulated to be extended 
successively to classes of fifty, of one hundred, and even of one 
hundred and fifty students. 

In the school year of 1871-72 another forward step in education was 
taken at the Institute of Technology. Down to that time the instruc- 
tion in mining engineering and metallurgy had been, here as else- 
where, conducted by means of text-books, lectures, drawing models, 
and assays of small pinches of ore, supplemented, in the case of the 
mere fortunately situated schools, by occasional visits to mines in 
actual operation. In the year named a scientific expedition to the 
Rocky Mountains was undertaken by a large party of students and 
instructors from the Institute. While in the Colorado mining regions. 
Professor Runkle conceived the idea of a laboratory which should 
add to the existing means of instruction in mining and metallurgy 
the practical treatment by the students of economic quantities of ores. 
This conception, so fully in the line of the general work of the Insti- 
tute, was given effect by the purchase in California, before the return 
of the expedition, of a number of pieces of apparatus suitable for 
the beginnings of such a laboratory. The apparatus thus obtained 
vas set up by Mr. Robert H. Richards, then instructor, and now for 
many years Professor of Mining Engineering. 

From these small beginnings made under Professor Richards's care 
it has grown steadily to this day. It was the first proper metallurgical 
laboratory devoted to the purposes of instruction in the world. It is 
under its title, *' the John Cummings Laboratory," by far the largest 
and the best in the world to-day. Its graduates are found in the most 
important mines and smelting and reduction works of the United States, 
showing the effect of their training at the Institute, in which theory 
and practice were so happily combined, and in which everything taught 
in the lecture-room is at once put to use in experiment and research. 

In 1873 a further step in technical education led to the establishing of 
a laboratory of steam engineering. An engine of sixteen horse-power 
was set up, and the necessary apparatus for engine and boiler tests 
was provided. Out of this humble beginning has grown the largest 
and best equipped mechanical engineering laboratory to be found, 
in which not only is the work of instruction carried further than ever 
before, but original research, conducted jointiy by the students and 
their instructors, is pushed to points often beyond the range of ordi- 
nary expert investigation within the profession. In the same year 
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the Lowell Free School of Industrial Design was established at the 
expense of the Lowell Institute, for the purpose of promoting the 
industries of the country, and especially the textile manufactures, by 
cultivating the American taste in respect to form and color. 

In 1876 the system of shop work as a means both of general and 
professional training was introduced. Half an acre of shops, filled 
with the best tools, machines, and engines, with over two hundred 
students pursuing this branch of instruction, represent to-day the poor, 
mean shed, with its scanty appliances, which was all that the funds at 
the command of the Institute allowed to be erected in 1876. 

In 1 88 1 was established a laboratory of applied mechanics, devoted 
especially to the tests of buildmg materials in wood, stone, and iron. 
The equipment of the laboratory has been increased from year to 
year, until it comprises a great variety of apparatus and machines, 
designed largely by the instructors in that department, for making 
almost every kind of test which the purposes of the engineer, the 
architect, the shipbuilder, or the mill-owner may require, — beam tests, 
column tests, belting tests, rope and wire tests, shafting tests, tests 
by tension, by transverse strain, by compression, by tensile strain, 
and continuous, intermittent, or instantaneous tests. 

In 1884 the germ of a biological laboratory, which had existed in 
a corner of the shed used for the workshops of 1876, was developed 
with the aid of a large amount of physiological apparatus. The 
resources of the laboratory were turned, first, upon the preparation 
of its students for subsequent medical studies, and, secondly, upon 
bacteriological investigations, to which the marvellous discovery of 
Koch and Pasteur had pointed. It is not too much to say, that there 
is scarcely a place in this country where as much important bacterio- 
logical work has been done during the past three years as in this 
laboratory of the Institute. 

In 1882 the increased demands upon the department of physics 
for the higher and more technical instruction of students, looking for- 
ward to electrical practice, led to the establishment of a distinct service 
devoted exclusively to that end, and, in connection with the new build- 
ing of 1883, to the equipment of an electrical laboratory, with engine, 
dynamos, electric motors, and a great variety of electric testing ap- 
paratus. Notwithstanding this equipment, this course in electrical 
engineering, as it has been developed at the Institute, could not be 
sustained but for the machinery and ample appliances of the engineer- 
ing laboratories. The training of the electrical engineer at the Institute 
of Technology differs from that usually followed, in that the electrical 
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engineer is here regarded as primarily a mechanical engineer, but a 
mechanical engineer who has specially studied the mechanical require- 
ments of the electrical industries and enterprises, just as the chemical 
engineer under the course established two years ago is regarded in 
his relation to the chemical industries. And this introduces us to 
the last contribution made by the Institute of Technology to the phi- 
losophy of scientific and technical education, in the recognition of 
laboratory work in mechanics as an essential feature of a proper 
training in any branch of the great engineering profession. In the 
mechanical laboratories the students in each branch of engineering, 
civil, mechanical, mining, electrical, chemical, and sanitary, are called 
to perform the work of experiment, and to deal with the generation 
of power, and its application to the exigencies of their several con- 
templated professions. 

We have thus roughly traced the history of the Institute of Tech- 
nology. We have seen within how few years it has grown from a 
doubtful experiment into one of the most important schools of the 
country. We have seen how largely it has enjoyed the confidence 
and liberality of the public, and we feel that we may securely rely 
upon the same generous support hereafter. We have seen how its 
methods of instruction have been adapted to the changes and develop- 
ments of practical science. We have seen that in this mobility, this 
power of adaptation, lay the grand idea of the whole scheme, and we 
are sure that, so long as it continues to be its guiding principle, the In- 
stitute of Technology will stand ; a monument to the character, learning, 
and wisdom of its founder, worthy the community in which its estab- 
lishment was possible and by which it has been maintained, an honor 
to the instructors who have devoted their energies to its service, and 
fortunate, as we trust it may long be, under the direction of so distin- 
guished and able a President as General Francis A. Walker. 
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ADDRESS OF PRESIDENT WALKER, UPON PRESEJVT- 
ING DIPLOMAS OF GRADUATION 

My Friends, — It is now my pleasant privilege, on behalf of 
the Corporation and Faculty of the Massachusetts Institute of recli- 
nology, to present to you the diplomas of your honorable graduation 
and to greet you Bachelors of Science. It is rightly a subject of 
congratulation, on your part and on the part of all these friends^ that 
you have passed so faithfully and patiently through one or another 
of the severe courses which lead up to the degree of the Instltrute. 
Doubtless at times it has gone much against the grain to do all that 
was required of you, and to do it all well. But you have striven^ SLnd 
you have conquered. Never hereafter can you be as those who h.sivre 
not been tried. I do not believe that any one of you to-day regj**"^^ 
the severe exertions and the great sacrifices that have been requi«"^<i- 
Those who do such things never regret the doing. 

Behind you is a long course of laborious and honorable study sind 
achievement; before you, a world which will never make upon yo «Ji^ a 
severer demand than you have already successfully met. Are you m^ot, 
then, glad that you have taken so brave a start in the cool of the ci^y» 
and made so long a march in the morning of your lives, and now <i »^d 
yourselves so far on the way to personal and professional success, ^^rlxil^ 
sluggards are still droning and dozing away in camp the hours ^w/-!^^^ 
the sun is low and the air is fresh and sweet? You are not to-da>^ in- 
dulging in vain regrets as to hours which have been misspent, opl><^>^' 
tunities which have been neglected, and time that has been waste<J^ ^^ 
folly or vice. With the rightful pride of those who have fougl^'*^ ^ 
good fight, have kept the faith and finished their course with ho^^*^-^^' 
you stand here and now, on the threshold of the great world, in *: i^ 
consciousness of duty hitherto well performed, of preparation for *^^^ 
labors of life carefully and thoroughly made, and of suitable and zx^c^^S^ 
equipment for all the responsibilities of professional practice in '•^-*^ 
several lines for which you have been qualifying yourselves. I c^^^^ ^ 
gratulate you. We say farewell without sorrow, since it was for "t-*^^ 
you came to us. But we bid you farewell in all affection and resp^^ 
with all honor and regard, with the most pleasant recollections of Y^^^ ^ 
straightforward and honorable conduct here, and with the stron^"^ ^ 
anticipations of your success and prosperity, both in professional ^^^^^ 
in private life. 
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THE NEW HYDRAULIC LABORATORY OF THE MASSA- 
CHUSETTS INSTITUTE OF TECHNOLOGY. 

BY GEORGE F. SWAIN, Hayward Professor of Civil Emgineerxug. 

The erection of the new engineering building of the Institute of 
Technology, to be occupied by the departments of Civil and Me- 
chanical Engineering, offered an opportunity for a considerable exten- 
sion in the Engineering Laboratories, and an attempt has been made 
to improve this opportunity by laying the foundation for a laboratory 
for hydraulic experiments, which should be so arranged as to permit 
of the carrying out of any experiments in hydraulics which it is prac- 
ticable to perform within walls. Hydraulic experiments on a large 
scale must necessarily be performed out of doors, since the measure- 
ment of large quantities of water requires apparatus and appliances 
which cannot be accommodated within walls. Thus, the weir experi- 
ments of Mr. Francis, at Lowell, were made by taking the water from 
one of the canals, and using a lock as a measuring basin ; those of 
Messrs. Fteley and Stearns, at South Framingham, were made by 
using a portion of the Sudbury River Aqueduct as a measuring basin ; 
the orifice experiments of General Ellis, at Holyoke, were made in 
connection with the fall between two levels of the canal at that place ; 
and the recent elaborate and careful experiments by Mr. Freeman on 
the flow of water through fire hose, the discharge of nozzles, and the 
height of jets, were made at Lawrence, where the hydrant system of one 
of the mills, as well as the city water supply, could be made use of. 

But while experiments such as these are clearly excluded from among 
those which can be made in connection with a hydraulic laboratory 
in an institution of learning, there remain a large number which can 
properly be conducted within doors with the aid of suitable apparatus, 
and which, though they may be on a small scale as regards the quan- 
tities of water employed, nevertheless offer a large field for scientific 
investigation. The new laboratory of the Institute, as already stated, 
has been planned with a view to affording opportunity, as the work is 
extended, for carrying an any experiments which are thus practicable ; 
that is to say, in the following directions : — 

I. Experiments on the flow through orifices of small size, both 
free and submerged, and either sharp-edged, rounded, or fitted with 
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inside or outside mouth-pieces of various kinds, and under heads 
ranging as high as above seventy feet. 

2. Experiments on the flow of water over weirs of small size, either 
free or submerged. 

3. Experiments on the loss of head in small pipes of various kinds. 

4. Experiments on the loss of head due to bends, curves, valves, 
diaphragms, or other obstructions causing sudden changes of velocity. 

5. Experiments on the distribution of velocity in different parts of 
a liquid cr.oss-section, either of a jet from an orifice, of a sheet dis- 
charged over a weir, or of a liquid flowing in a pipe. 

6. Experiments on different water meters, including Mr. Herschers 
Venturi meter, as well as the ordinary forms in the market. 

7. The testing of small turbines and of various other small motors. 

8. Experiments on the pressure of jets against plane or curved sur- 
faces, and on the resistance of standing water to the motion of surfaces 
of different shapes through it. 

9. Experiments on the siphonage of traps, and on other matters 
connected with plumbing arrangements of houses. 

The development of a laboratory which shall admit of experiments 
in all these lines must necessarily be slow and expensive, and the 
laboratory in the Institute, being only a few months old, is not yet 
fully equipped to carry on any of these experiments excepting those 
on the flow of water through orifices. It is believed, however, that 
the foundation has been laid for the rapid development of research 
in the remaining directions which have been enumerated, and the 
object of the present paper is briefly to describe and illustrate the 
apparatus thus far provided or proposed. 

In order to be able to work with large heads, and to be independent 
of the city water supply, as well as to provide for the varied experi- 
ments enumerated, it was first necessary to erect a tank and standpipe. 
The tank is shown in Figure I. It is made of "Shell" steel % inch 
in thickness, is 5 feet in diameter and about 28 feet high, resting 
on a concrete foundation and extending up through two floors. It 
consists of six courses of steel, with girth seams single riveted, and lon- 
gitudinal seams double riveted, and with heads of -j^-inch steel dished 
as shown in the figure. It is provided with orifices as follows : — 

In the lowest course, a man-hole 24 inches by 12 inches at M; at 
P, a flanged nozzle with elbow for connecting to lO-inch standpipe, as 
shown in Figure 15. 

In the second course, a lO-inch orifice at G, a second at F, a third 
at D, and a fourth at C. The orifice at F may be used, if desired, for 
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connecting with a small turbine placed below the floor. That at G 
is for experiments on submerged orifices. Those at D and C are for 
experiments on free orifices, or for connecting lines of pipe with the 
tank. Enclosing the orifice at G, an angle-iron and two bent plates 
are attached to the side of the tank, as shown, to which a wooden 
tank extending horizontally and resting on the floor is to be attached. 
In this wooden tank will be placed a weir, and the water will flow 
through the submerged orifice at G, or through a submerged mouth- 
piece, either inside or outside, and either converging or diverging, and 
will then flow over the measuring weir. The orifice C is fitted for 
experiments on free orifices, as will subsequently be described. The 
orifice D is to be fitted with a piece to which pipes can be attached 
as desired, thus enabling the losses of head at diaphragms, valves, 
curves, etc. to be studied. On the same level with the orifices D and G 
connections are made for mercury gauges. 

In the third course, a 15^-inch orifice at G" and another at C", 
nearly above the large orifices G and C. These small orifices are 
for the shafts of the hand-wheels for raising the gates over the large 
orifices, as will presently be explained. 

In the fifth course, orifices similar to those in the second course ; 
and in the sixth course, orifices similar to those in the third course ; 
thus rendering it possible to carry on experiments simultaneously upon 
two floors of the building. The top of the tank is provided with 
a flanged nozzle for connecting with the lO-inch standpipe, as shown 
in Figure 15. 

The size of the tank is such that, with the orifices which it will be 
practicable to use, the velocity in the tank will be so small that it may 
be neglected, and the disturbance due to the inflowing water from the 
standpipe will also be small. Nevertheless, two gratings have been 
arranged, one at the top and one at the bottom. These gratings con- 
sist of plates of ^-inch iron perforated by ^-inch holes about an 
inch apart. They are made in three pieces, and rest upon angle-iron 
brackets riveted to the inside of the tank. The tank itself rests upon 
cast iron supports, as shown in Figure i. 

The general arrangement of the tank and standpipes is shown in 
Figures 15 to 18. Figure 15 shows the plan of the sub-basement, with 
the location of the tank, the rotary pump, and the steam pump. The 
tank a is connected, as shown, by the top connection e and the lower 
connection /to the lo-inch wrought iron standpipe ^, which, as shown 
in Figure 17, extends to the top of the building, and is closed at the 
top. The connection / is tapped by the small pipe ^, by means of 



Digitized by 



Google 



2o6 George F. Swain. 

which the water may be drawn out of the system into the cistern k 
The pumps take water from this cistern h and deliver it into pipe k^ 
which, as shown in Figure 17, is arranged to carry it directly to the 
standpipe through the valve s, or to the 3-inch pipe c through the 
valve /. For use in the hydraulic experiments, the valve s is closed 
and the valve / opened, the water being thus delivered into the 3-inch 
pipe^:^. From this pipe the flow into the lo-inch pipe is regulated 
by the valves «, which enable the head in the lo-inch pipe to be main- 
tained at an almost perfectly constant level. Any excess of water 
overflows through the pipes m into the discharge pipe d. The pipe c 
therefore serves as a regulator of the head, and it has been found to 
fulfil its purpose admirably. Attached to the standpipe b, and running 
from floor to ceiling, in each story, is a glass gauge placed in front 
of a graduated scale reading to hundredths of a foot. These gauges 
are enclosed in wooden boxes, which may be opened on the front and 
on one side, and which are placed so as to receive light directly from 
adjacent windows. The water is taken by the pumps from the cistern A, 
passes through pipes k and c and through the valves n into the stand- 
pipe ^, thence through the connection e or /, or both, into the tank, 
from which it is discharged through orifices, or in any other way 
desired, and the discharge measured. Measurements are made by 
weighing the quantity of water discharged in a given time, the water 
being returned to the cistern A, and thus used over and over again. 

The same apparatus, by suitable arrangement of the valves, will 
be employed in making tests of the pumps. 

The city water pipe is connected with the standpipe system at x. 

The soil pipe dd is arranged with single and double Y's in a way 
which will allow the carrying out of all kinds of experiments on the 
siphonage of traps, as mentioned under head 9 on page 204. This 
pipe is arranged with an ordinary trap at the foot, as shown in 
Figure 16, and it discharges into the cistern A, as shown in Figure 15. 

The details of the arrangement for measurements with simple free 
orifices are shown in Figures 2 to 14. In experiments of this descrip- 
tion it is of course essential that the orifice shall be placed in a plane 
surface. It w^ therefore necessary to arrange the apparatus so that 
the curvature of the tank itself should not affect the flow. For this 
purpose, a composition casting a (Figs. 2 and 3) is drawn up to the 
tank by eight ^-inch bolts, as shown in Figure 3, which are screwed 
into the hub of the casting. The greater part of the casting is only 
J^ inch in thickness, with eight strengthening ribs, as shown in Figure 2. 
In this casting is placed a piece, r, which is held in position by a ring- 
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nut, dd^ which can be screwed or unscrewed by a spanner. When it is 
desired to use large or long orifices the piece c will contain the orifice, 
and by having various pieces r, with orifices of diflferent shapes and 
sizes, numerous experiments may be carried out. The composition 
casting a is thickened on one side to ^ inch, as shown in Figures 
2 and 3, to allow of the insertion of a sliding piece by means of 
which the horizontal dimension of a rectangular orifice may be varied, 
keeping the vertical dimension constant. When small orifices are to 
be used, it is not desirable to have them cut in as large a piece as the 
piece c. This piece ^, therefore, as shown in Figure 3, is arranged to 
take a second piece, o, held in place by a second ring-nut, d\ Small 
orifices are made in pieces like the one £?, as shown in Figure 3, and 
are of different sizes and shapes. 

It is desirable that one orifice may be removed and another sub- 
stituted in its place without completely emptying the tank. For this 
purpose, a gate is designed to slide on the back of the casting a, so 
that, when it is desired to remove one orifice, the gate may be lowered 
and the water thus shut off, and a new orifice substituted in place of 
the old one. The gate may then be raised and the experiments con- 
tinued. This gate and the fittings connected with it are shown in Fig- 
ures 4 to 14. Figure 4 shows a view of the gate from the inside, 
Figures 5 and 6 horizontal cross-sections, and Figure 7 a vertical cross- 
section. The gate is of cast iron, ribbed as shown, and is arranged to 
slide in guides bolted at the bottom to the casting a^ and at the top to 
the tank. These guides are shown in Figures 8 to 11. In order that 
the gate may be raised without having to overcome the friction due 
to the pressure of the water over the entire surface of the gate, the 
rod r, by which the gate is raised, is attached to an angle-iron, L 
(Figs. 4 and 7). When the gate is to be raised from the position shown 
in Figure 7, the angle-iron L is first raised until it strikes against 
the rib above it. This raising of L opens the orifice dy thus allowing 
water to pass through the gate, and equalizing the pressure on the 
two sides, except over the small ring forming the bearing surface, 
the friction due to the pressure on which is, therefore, the only friction 
to be overcome. The discharge orifice may be meanwhile closed by 
a plug from the outside, if necessary. When the gate is lowered, its 
own weight carries it down until it reaches the stop s. The rod is 
then forced down, closing the orifice d. Figures 12 to 14 show the 
hand-wheel, shaft, and stuffing box, by means of which the gate is 
raised, and require little explanation. The rod shown in Figure 7 is 
in its upper part a rack running in the space r (Fig. 12). 
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Only one further point calls for explanation regarding the arrange* 
ment of the gate and stuffing box, namely, the modifications necessary 
for the case of inside mouth-pieces. When such mouth-pieces are used, 
the gate as shown would of course be inapplicable, and a new seat must 
be provided for it, so that it will pass clear of the inside mouth-piece. 
It is intended to accomplish this by bolting on to the composition 
casting a (Fig. 2) a circular channel-shaped rib, and adding new 
guides for the gate, thus making its seat at any desired distance back 
of the inside face of the casting. At the same time, in Figure 12 the 
pinion will be removed from the position shown, and placed outside 
of the bearing, where the collar is shown in the figure, and the collar 
placed on the inside. A new guide for the rack will then be bolted 
on, as shown by the dotted lines. 

As the new engineering building has been occupied only since 
February, 1890, and the hydraulic apparatus is thus but a few months 
old, the only apparatus thus far in use is that for measuring the flow 
through simple, free orifices, and for making tests of pufhps. It is 
hoped, however, that the remaining apparatus will be provided in the 
near future. The tank and the standpipe system already procured 
furnish the foundation, and upon them the other apparatus may 
readily be built up. Experiments upon meters and upon motors may 
also be carried out without difficulty ; and, in fact, the possible lines 
of research are so varied that it is hoped that the establishment of this 
laboratory may lead to many useful results, and that it may contribute 
in some measure to the advancement of hydraulic science. 
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ON THE EXTENT OF THE EXCURSION OF THE ELEC- 
TRODES OF A MICROPHONE TRANSMITTER.^ 

BY CHARLES R CROSS, Thay£r Professor op Physics. 

The character and extent of the motions of the electrodes of a 
microphone transmitter, when actuated by sound-waves of different 
degrees of intensity, is a subject in telephony of by no means slight 
importance, but to which very little study has been given. The pres- 
ent paper describes the results of some observations relating to this 
subject, which have been made at various times during the past two 
years. 

Several years ago an attempt was made by Mr. W. W. Jacques and 
*the writer to gain some knowledge as to the amplitude of the vibra- 
tions of the hammer electrode of a microphone, by observing it with 
a microscope while in operation, and noting the extent of the blurred 
portion of the image. The results, though giving all that could be 
expected from so crude a method, were not very satisfactory so far as 
definite measurement was concerned. 

It afterwards occurred to the writer that the matter might be studied 
more completely by the use of the stroboscopic method, and an arrange- 
ment of apparatus was adopted by which the motions of the electrodes 
could readily be observed. 

This was done in the following manner. The microphone to be 
studied was placed in the field of a microscope, whose line of collima- 
' tion was horizontal. Behind the microphone, at a suitable distance, 
was placed a Helmholtz mercury interrupter, with a tuning-fork mak- 
ing 128 vibrations per second. The extra current due to the electro- 
magnets of the interrupter was quite large, so that a brilliant spark was 
obtained at each rupture of the circuit, as the platinum style of the 
interrupter left the mercury. The interrupter being properly placed, 
and the light of the spark concentrated by a lens, quite a bright field 
was obtained, against which the electrodes were seen projected, as 
silhouettes. The light, though intermittent, of course seemed continu- 
ous, since the sparks were so numerous. When good definition was 
obtained, the microphone was set in operation, usually by means of 
an organ-pipe placed at a convenient and variable distance, and in 

1 Read at a meeting of the American Academy of Arts and Sciences, April 9, 1890. 
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some experiments by the voice. The pipe was blown by a constant 
blast, and great uniformity of intensity in the sound was secured. An 
open Cs organ-pipe making approximately 256 double vibrations per 
second was commonly used) its pitch being variable to a moderate 
extent by shading the mouth or the opening at the top. 

So long as the pipe was an exact octave in pitch above the interrupt- 
ing fork, the electrodes of the microphone as seen with the microscope 
appeared to be at rest ; but if the interval was slightly disturbed, the 
stroboscopic effect was observed, and the electrodes seemed to move 
slowly through their complete course. The rate of this apparent vi- 
bration was of course dependent upon the deviation of the pipe from 
exactness in its interval with the fork, and could be varied at will within 
quite wide limits. 

The extent of the motion of the electrodes could be determined by 
observing the grains of dust which adhered to them, or some definitely 
marked roughness on their surface. Measurements were made by 
means of a spider-line micrometer, the wires of which were placed at 
a convenient distance apart, and the amplitude of the motions of the 
selected points of reference on the microphone was determined by 
estimating the relation of their apparent motion to the distance sepa- 
rating the wires of the micrometer. This last distance was frequently 
varied to diminish the liability to error from a possible bias of the 
observer towards an agreement with earlier results. 

In the experiments described in the present paper, the electrodes 
were generally so adjusted that the motion of the anvil electrode was 
too small to be observed. Under these circumstances the observed 
motion of the hammer electrode, as measured by the micrometer, was 
the motion of this relatively to the anvil electrode, which is of course 
the quantity to be determined, rather than the actual excursion of the 
hammer electrode. 

The microphone was placed in circuit with a battery and the pri- 
mary of an induction coil, whose secondary contained a receiving tele- 
phone. With this arrangement the effect on the ear of the electrical 
variations due to the various values of the excursions of the electrodes 
could readily be observed. In many cases a second observer was sta- 
tioned at the receiving telephone, which was then placed in a separate 
room. 

Magnifying powers were used of from 50 to i,CX)0 diameters. With 
the higher powers the use of an objective of short focal length was 
difficult on account of the small working distance, so that, although 
even as short a focus as -^ in. was sometimes employed, it was found 
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much preferable to obtain the needed magnification by the use of ^ort 
focus eye-pieces. 

The brilliancy of the electric spark was amply sufficient for illumi- 
nation of the field, even with the highest magnification employed; a 
fact which calls attention vividly to the enormous " instantaneous in- 
tensity " (so to call it) of that light. Considering the excessively brief 
duration of the spark and the very small quantity of matter illumi- 
nated, it seems unquestionable that the intrinsic brilliancy is far greater 
than that of the electric arc, a view fully supported by the results of 
spectroscopic study. 

Various forms of microphone were observed, but the general fea- 
tures characterizing the actions studied were common to them all. 
As the intensity of the sound acting on the microphone was increased 
by approaching the organ-pipe to the diaphragm, the motion of the I 

hammer electrode, at first absolutely invisible, was seen gradually to I 

increase, until, when the intensity was very great, the motion was 
excessive, the anvil electrode being violently pushed aside, and the 
hammer leaving it on its return motion, so that the circuit was broken 
at every vibration. At the same time bright sparks were seen be- 
tween the electrodes. To the ear the simultaneous acoustic changes in 
the sound transmitted were very striking. The sound of the pipe was 
distinctly audible, and its quality clear, with motions of the hammer 
electrode far too slight to be observable. As the sound actuating the 
telephone became louder, and the excursion of the electrode became 
visible, the quality continued good, the sound transmitted growing 
Louder; and then, as the excursion increased further, the quality grad- 
ually changed, shrill false notes made their appearance, and the sound 
began to grow harsher, until finally, when breaks appeared in the cur- 
rent, the sound was excessively harsh, and entirely devoid of musical 
quality. Long before this, however, the characteristic quality of the 
organ-pipe disappeared. 

The following tables will illustrate the results obtained. In mak- 
ing many of the measurements I worked in company with Mr. W. W. 
Jacques, whose observations were always in substantial accord with 
my own. A large number of observations have also been made, under 
my direction, by Messrs. A. W. Jones and F. L. Dame, students in 
the Laboratory, whose work has been performed with conscientiousness 
and accuracy. 

The microphone used in most of the experiments was one in which 
the anvil electrode was a " pendulum electrode," suspended by a ver- 
tical rod, hinged at the top, and so weighted as to give to it a proper 
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mass. The desired normal pressure could be obtained by sliding the 
point of suspension laterally so as slightly to incline the supporting 
rod, and further, by adding a weight so as to exert a proper leverage, 
if this was desired. The hammer electrode was pointed and carried 
by the diaphragm, which was of mica. The sounding pipe was grad- 
ually removed from or approached toward the microphone. Care was 
in all cases taken to keep the wind pressure constant A single Le- 
clanch6 cell was ordinarily used) though in a few cases a Gr^net cell 
was employed. 

In the various tables, the excursions of the electrodes are in all 
cases given in fractions of an inch. In designating the material of the 
electrodes, that of the anvil is stated first. 

Tables I. to III. show the results obtained when both electrodes 
were of carbon; Tables IV. and V., when the anvil electrode was of 
carbon, the hammer of platinum. Tables VI. to VIII. contain re- 
sults of observations made with a modified form of transmitter, in 
which the anvil electrode was also somewhat heavier than in the 
earlier experiments. 

TABLE I. 
Electrodes, Carbon, Carbon. ^ Magnification, 50 diameters 

Excanion. Character of Sound. 

1000 X 10-* to 700 X 10-« Constant breaking and sparks. Electrodes visibly separating. 

600 X 10~~* Constant sparking. Electrodes occasionally seen to separate. 

200 X 10"* Occasional breaks and sparks. 

200 X 10~^ Scratchy sound, no sparks. 

No visible motion. Sound clear and smooth. 

TABLE IL 
Electrodes, Carbon, Carbon. ~ Magnification^ 50 diamtters. 

Exconioo. Character of Sound. 

1000 X 10-* to 600 X 10-« Constant sparks ; electrodes separating. 

300 X 10-* to 200 X 10-^ Harsh ; occasional breaks and sparks. 

150 X 10^ Scratchy. 

No visible motion. Clear and smooth. 

Whenever the excursion of the hammer was greater than 100 X lO"^ 
the sound was very scratchy and harsh. 

TABLE III. 
Electrodes, Carbon, Carbon. — Magnification^ 160 diameters, 

Excanion. Character of Sound. 

350 X 10-« to 300 X 10-« Loud, noisy, harsh. 

250 X 10-* to 200 X 10-« Very scratchy. 

120 X 10-« to 80 X 10-fi Scratchy, but less than before. 

150 X 10-* to 100 X 10-« Scratchy, but with high overtones. 
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At the lowest amplitude given in Table III. the quality of the sound 
of the pipe was first heard, but a still less amplitude was necessary for 
its satisfactory reproduction. 

TABLE IV. 
Electrodes, Carbon, Platinum. — ^^^^h^o/Imm, 160 dtameUrs. 

Excanioo. Character of Sound. 

250 X 10-^ Constant sparks and breaks. 

120 X 10~^ Scratchy; occasional sparks and breaks. 

70 X 10-« Raspy. 

50 X 10~^ Quality distinct, but high squealing OTertones present 

20 X 10-^ Quality better; fewer high overtones. 

Less than 20 X 10"^ Quality better ; some high overtones still audible. 

The pipe had to be carried twice as far away from the transmitter 
as in last measurement, to a distance of eighteen inches, before the 
quality became really excellent. 



TABLE V. 
Electrodes, Carbon, Platinum. —^a,^9^/SazftVif, 150 diameters. 

Character of Soond. 
Very scratchy ; occasional sparks. 
Squealing, high overtones. 
Fair quality ; high overtones prominent. 
Good quality | a little rough. 

Constant breaking. 
Very raspy. 
High overtones strong. 
Quality good* 

TABLE VI. 
Electrodes, Carbon, Platinum. — MagfUficaHoft^ 700 diameters. 

Excursion. Character oi Sound. 

200 X 10-^ Rough, but pitch discernible. 

80 X 10-^ Rough, pitch distinct. 

30 X 10-* Smooth, with high overtones. 
30X10-* " " 

20 X 10-* Quality good ; some high overtones. 

10 X 10-« Good quality. 

25 X 10-* Smooth, with high overtones. 
30 X 10-* to 40 X 10-* High overtones prominent. 

80 X 10-< Harsh and rough. 



Excursion. 


120X10^ 


60X1O-* 


40X10^ 


<20XlO^ 


400X10^ 


60X10^ 


40X10-^ 


20X10^ 
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TABLE VII. 


Electrodes, Carbon, 


Platinum. — Magnification^ 940 diameters. 


Excanton. 


Ciumctcr of Soup<L 


.000 X 10^ to 800 X 10^ 


Scratchy, with breaks. 


100X10-^ 


Rough, with high oyertones. 


80X10^ 


Wheezy, with high overtones. 


40X1(M 


Smooth, but with high overtones. 


30X10-^ 


M 14 (f 


60X10^ 


Rough, with high overtones. 


50X10^ 


Harsh, with high overtones. 


40X10-* 


Smoother. 


30X10-* 


Smoother, with high overtones. 


20X10-*to30X10-« 


Good quality, high overtones present. 


20X10-* 


Good quality. 




TABLE Vin. 




Platinum. — Magnification^ 940 diameters. 


J&XCQR10Q* 


ChRractcr of Sound. 


1000x10-* 


Harsh and screamy. 


2000X10-^ 


<i « 


1000X10-^ 


High overtones heard ; no distinct pitch transmitted. 


400X10-* 


High strident overtones present. 


100X10-* 


High overtones still present. 


60X10-^ 


Sound wheezy. 


30X10^ 


Sound smooth. 



20 X 10-* to 10 X 10-^ Quality good. 

The differences in the effects obtained with a microphone in which 
both electrodes are of carbon, as compared with one in which one of 
the electrodes is of platinum, are well known to every one who has 
considered the subject. While with the latter it is more easy to pro- 
duce an actual break of contact between the electrodes than with the 
former when the sound is increased, on the other hand the quality is 
much more satisfactorily reproduced, and does not so rapidly disap- 
pear on increasing the loudness. These differences were clearly no- 
ticed in the observations. Thus for slight excursions of the hammer 
electrode the quality of the sound with two carbon electrodes was 
found to be less satisfactory than when the hammer was of platinum, 
although in the latter case the point of actual breaking of circuit and 
sparking was usually reached with a less excursion than in the former 
one. Evidence of these differences appears in the tables just given, 
and also in those which follow. 

It must be observed, that, while the figures given in the tables show 
what is the maximum amplitude of vibration of the electrodes con- 
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sistent with the transmission of quality, they entirely fail to indicate 
the excessive minuteness of the least excursions which are capable of 
this result. How minute these sometimes are may be inferred from 
the following observation. 

With a microphone having a somewhat heavy anvil electrode, the 
organ-pipe was gradually moved away from the diaphragm, and the di- 
minishing range of motion of the electrodes noted in the usual manner. 
When the pipe was at a distance of three inches the motion of the elec- 
trodes was too slight to be visible, although this could have been seen 
readily with the low magnifying power employed if it had been as great 
as j-jfJ^Tj in. The pipe, still blown w^ith the same loudness, was then 
carried farther and farther away. At a distance of thirty-six feet, which 
was the most distant point from the microphone in the room, the sound 
of the pipe was still distinctly though faintly audible at the receiver 
placed in circuit with the microphone, and in a distant apartment 

The results shown in the preceding tables give an idea of the phe- 
nomena observable with a microphone of the structure employed. In- 
asmuch as the primary object of the measurements was to obtain some 
idea of the actual value of the excursion of the electrode, the mass 
and normal pressure of the electrodes were not particularly considered, 
except that they were so adjusted as to give good transmission with 
moderate loudness of the sound actuating the microphone. But it 
would of course be expected that the numerical value of the relative 
excursion of the electrodes corresponding to any given character of 
sound would vary with the mass of the anvil electrode and with the 
normal pressure between the electrodes. Two separate sets of obser- 
vations were made to observe the effects of such variations, by Messrs. 
Jones and Dame. The latter series was somewhat more complete than 
the former, besides being carried on with better instrumental appli- 
ances, and the results hereafter given are taken chiefly from it. 

In all experiments of the nature of those under consideration, it is 
very difficult to get any fixed standard of quality to which to refer 
such results as the present. Different observers differ to a certain 
extent in their estimate of the excellence of the quality reproduced. 
But the point at which the distinctive quality of the transmitted sound 
disappears is quite well marked, and a very slightly increased vibration 
of the hammer electrode causes great harshness to result. For this 
reason, the name " critical point," originally suggested by Mr. Jones, 
has been given to this limit, and the excursion corresponding to it has 
been particularly noted, in tests of the varying effects of mass and 
pressure. 
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The transmitter used had its anvil electrode suspended like a pen- 
dulum, as before. In order to vary the mass without varying the 
normal pressure, a horizontal wire was suspended beneath the anvil 
electrode and rigidly attached to it The middle point of the wire 
was vertically beneath the point of suspension of the electrode. The 
masses added consisted of small copper washers weighing i.l grams 
each. By adding two of these whenever the mass was to be in- 
creased, and placing one on each side of the middle point of the hori- 
zontal wire, the mass of the electrode was increased, while the normal 
pressure remained substantially constant. In the experiments whose 
results are contained in Tables IX. to XIII. the normal pressure 
was exceedingly small, the electrodes always being kept in very light 
contact. This condition of things was easily secured by a slight 
adjustment of the position of the washers. A magnification of 280 
diameters was usually employed. 

The following results were obtained by the mode of procedure just 
described. 



TABLE IX. 



TABLE yi,^ Continued, 



Electrodes, Carbon, Platinum. 



Mass in Grama. 
4.0 

ai 

10.3 
12.5 
14.7 
17.0 
19.2 
21.4 



Excursion of Hammer 
at Critical Point. 

12X10-« 
25X10-^ 
37X10-^ 
50X10-^ 
50X10-^ 
50X10-^ 
50X10-* 
50X1(M 



Masi in Grama. 

21.4 
25.8 

4.5 

8.7 
10.9 
13.1 
17.5 
21.9 



Exconton of Hammer 
at Critical Pmnt. 

50X10-* 

5oxia-« 

12 X 10-^ 

25xia-« 

37X10-^ 
50X10-* 
50X10-« 
50X10-^ 



TABLE X. 



Electrodes, Carbon, Platinum. 



Maaa in Grama. 

4.8 

5.9 

8.1 
103 
12.5 
14.7 
17.0 
19.2 



Excursion of Hammer 
at Critical Point. 

12X10-^ 
25X10^ 
37X10-* 
37X10^ 
50X1(M 
50X1(HJ 
50X10-^ 
50X10-* 



TABLE XL 



Electrodes, Carbon, Carbon. 



Mass in Grama. 

8.5 
10.7 
12.9 
15.1 
173 
19.5 
21.7 
23.9 
28.3 



Excursion of Hammer 
at Critical Point. 

18X10-^ 
18X10-* 
25X10-^ 
25X10-* 
25X10-* 
37X1(HJ 
37X10-^ 
37X10-« 
37X10-* 
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TABLE XII. 
Electrodes, Carbon, Carbon. 



TABLE XIII. 
Electrodes, Platinum, Platinum. 



Mass in Grama. 

5.7 

8.7 
10.9 
13.1 
15.3 
17.5 
19.7 

5.7 

91 
113 
155 
15 7 
179 
201 



Excursion of Hammer 
at Critical Point 

12 X 10-6 
17X10^ 
25X10^ 
37Xia-« 
37X10-« 
37X10^ 
37X10-* 

12X10-« 
18X10-^ 
37X10-^ 
37X10-^ 
37Xl(>-« 
37X10-<» 
37X10^ 



Mass in Grams. 

7.65 

9.85 
12.05 
14.25 
16.45 
18.65 
20.85 

7.65 

9.85 
1205 
14.25 
18.65 
20.85 



Excursion of Hammer 
at Critical PoinL 

12X10-* 
25X10-6 
31X10-6 
37X10-* 
37X10-6 
37X10^ 
37X10-* 

12X10-* 
25X10-* 
37X10-6 
37X10-* 
37X10-6 
37X10-6 



An inspection of Tables IX. to XIII. shows that the value of the 
excursion of the hammer electrode corresponding to the ** critical point," 
and presumably, therefore, the excursion corresponding to any given 
degree of excellence in the reproduction of quality, at first rises very 
rapidly as the mass of the anvil electrode is increased, but soon reaches 
a maximum value, which is not altered by further increase of mass. 
The rise appears to be less rapid when both electrodes are of carbon, 
than when one or both of them are of platinum, as may be seen by a 
comparison of the various tables, or, better still, by plotting the results 
so as to exhibit them graphically by curves. Also, when both elec- 
trodes are of carbon or both of platinum, the maximum and permanent 
excursion at the critical point is considerably less than when the ham- 
mer electrode is of platinum and the anvil of carbon, — a fact which 
goes to explain the well known excellence of a microphone employing 
these last materials. Further experiment is desirable, however, before 
fully accepting this explanation. Furthermore, variations in the sur- 
face and shape of the electrodes are likely to modify these values to a 
certain extent. Thus the carbon electrodes used by Mr. Jones gave 
the results shown in Tables XIV. and XV. The arrangement of the 
electrodes was as already described, except that the anvil was slightly 
inclined, and in the second series a weight of bent wire was added to 
increase the normal pressure by a small amount. 
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TABLE XIV. 
Electrodes, Caebon, Carbon. 



TABLE XV. 
Electrodes, Carbon, Carbon. 



Mass in Grams. 

6.5 

8.9 
11.3 
13.7 
16.1 
18.5 
2a9 
233 
25.7 



Excnrmon of Hammer 
at Critical Point. 

36X10-« 
50X10-* 
60X10^ 
60X10-« 
60X10-^ 
60X10^ 
60X10-^ 
60X10-^ 
60X10-^ 



Mass in Grams. 

2.9 

53 

7.7 
10.1 
12.5 
14.9 
17 3 



Excunion of Hammer 
at Critical Point 

20X10-^ 
30X10-^ 
40X10^ 
55X10-« 
60X10^ 
60X10-« 
60X10-*> 



In connection with the various preceding tables the following re- 
sults obtained by Mr. Jones will be of interest. 



TABLE XVI. 



Electrodes, Carbon, Platinum. 



Series. Magnification. 



1 
2 
3 

4 
5 
6 



400 
400 
400 
350 
700 
1000 



Excursion 
for Good Quality. 

16X10-* 

^xio-« 

30X10-^ 
30X10^ 
40X10^ 
30X10-* 



Excursion 
at Critical Point. 

60X10-* 
30-40X10-^ 
50 X 10-« 
60X10-^ 
60X10-^ 
70X10-6 



Ezcureioo 
for Breaking. 

80X10-^ 
60XlO-« 
80X10-* 
80X10-* 
80X10-* 
80X10-* 



In Series 2 the normal pressure was slightly less than in the others. 
The excessively high value of 40 X lo"® at which in Series 5 good 
quality still persisted, is the highest that has been observed. The 
hammer electrode had been brought to a sharp point just previously. 

I have observed, among the four persons who have employed the 
method under consideration, that each one has apparently his own 
standard of what constitutes good quality, and usually adheres quite 
closely to this in different experiments. The observer last cited gen- 
erally gave somewhat larger values to the excursion for a given degree 
of excellence of transmission than I noted in my own observations, 
apparently from this cause. 

A further series of measurements was made in order to ascertain 
what effect was produced by a variation in the normal pressure be- 
tween the electrodes. 

In order to do this, a wire was caused to project backward from the 
anvil electrode, and small weights were hung upon the end of it. The 
pendulum electrode with this projecting wire constituted a bent lever 
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whose arms were easily measured, thus enabling the normal pressure 
due to a given weight to be calculated. It was thus obtained very 
easily, although the method is subject to the objection that there is a 
certain variation of the mass of the anvil electrode simultaneously with 
the variation in pressure. The use of a delicate spring instead of the 
weight would be preferable, but I have not yet found time to carry 
through observations by this method. The results reached are shown 
in Tables XVII. to XIX. 



TABLE XVII. 


TABLE 


XVIIL 


LECTHODES, PLATINUM, PLATINUM. 


Electrodes, Carbon, Carbon. 


Normal Pressure 
in Grams. 


Excursion of Hammer 
at Critical Point 


Normal Pressure 
19 Grams. 


Excursion of Hammer 
at Critical Point. 


0.34 


8X10-^ 


0.297 


8X10-« 


0.77 


14X10-^ 


a632 


12X10-* 


1.20 


25X10-^ 


a990 


12X10-< 


1.63 


37XlO-« 


1.288 


12X10-* 


2.06 


50X10-^ 


1.650 


25xia-« 


2.50 


6lXlO-<* 


2.150 


25X10-* 


0.34 


loxio-^ 


0.272 


8X10-« 


0.77 


12X10^ 


0^16 


25X10-« 


1.20 


25XlO-« 


0.960 


37X10-* 


1.63 


37XlO-<* 


1J04 


37X10-* 


2.06 


50XlO-« 


1.648 


37X10-6 


2.50 


61XlO-« 


1.990 


37X10-« 


2.93 


61X10-<* 








TABLE XIX. 






Kt.kctrodes, Carbon, 


Platinum. 




in Grams. 


Ezconion of Hammer 
at Critical Point 


Normal Prassora 
in Grama. 


ExcoTBion of Hammer 
at Critical Point 


ai84 


8Xl(h-* 


0.184 


8X10-* 


a288 


i2xi(y-^ 


0.288 


12X10-* 


0.432 


12X10-^ 


0.632 


12X10-* 


0.632 


12X10-^ 


0.990 


12 X 10-« 


0.990 
1.288 
1.654 


12X10-« 
12XlO-<* 
Anvil vibrating. 


0.180 
0395 
0.620 


8X10-* 
12X10-* 
12X10-^ 


0.104 


>8XlO-« 


0.644 


12X10^ 


ai32 


>8XlO-<* 


ai49 


8X10-^ 


0.153 


8XlO-« 







It appears from these results, that the value of the excursion corre- 
sponding to the critical point rises with increase of normal pressure, 
soon attaining a maximum and constant value. The pressure at which 
this maximum value was reached was greatest when both electrodes 
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were of platinum, and least when the hammer electrode was of plati- 
num and the anvil of carbon. When both electrodes were of carbon, 
the value lay between these two extremes. The unexpected result 
was also reached that the value of the maximum excursion was much 
greater when both electrodes were of platinum than when both were 
of carbon. It was least when the hammer was of platinum and the 
anvil of carbon. 

A series of observations was also made upon the microphone of the 
Blake transmitter. These presented considerable difficulty on account 
of the construction of the parts of that instrument, and only a low 
magnification could be used. Three sets of measurements were taken, 
the first with a very light normal pressure, the second with the ordi- 
nary pressure, and the third with a very heavy pressure. With this 
microphone in its proper condition, both electrodes moved. It was 
therefore necessary to subtract the excursion of the anvil electrode 
from that of the hammer, in order to obtain their relative motion. The 
results reached are given in Table XX. The total excursion of the 
hammer electrode, and its motion relative to the anvil, are given as 
nearly as they could be measured. 





TABLE XX. 


Blake TRANSMrrrER. — - Electrodes, Carbon, Platinum. 




a. Light Normal Pressure, 


Total Excnnion. 


Relative Excuriion. Character of Soaod. 




<25 X 10-« Good quality, very faint 


50X1(H 


25x10-^ " " clear. 


100X10-* 


50 X 10-« Overtones strong. 




b. Medium Normal Pressure, 




<25 X 10-« Good quality, very faint. 


75X10-* 


25XlO-« « « clear. 


looxio-* 


50 X 10-« Overtones strong. 




a Heavy Normal Pressure. 




<25 X 10-* Good quality, very faint 


100X10-^ 


25X10-^ " *' clear. 


150 X 10-^ 


50 X 10-« Overtones strong. 



These results, although of only approximate exactness, are interest- 
ing, as they show one cause of the excellence of the Blake transmitter 
in practice, in that the mode of support of the electrodes allows of 
very considerable variations in the absolute motions of both of them 
without material change in their relative motions. 

Rogers Laboratory of Physics, 
March, 1890. 
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THE KAOLIN IN BLANDFORD, MASS. 

BY WILLIAM O. CROSBY, Assistant Professor of Mineralogy ahd Lithology. 

The existence of a considerable body of white kaolin of a high 
degree of purity in the town of Blandford, in Hampden County, Massa- 
chusetts, has been known for fifteen years. But it is only within the 
last year that sufficient excavations have been made clearly to reveal 
the geological relations and probable origin of the kaolin; and even 
now the full extent of the deposit is very imperfectly known. I am 
indebted to Mr. George L. Twichell for an opportunity, on two differ- 
ent occasions, to make as thorough a study of the kaolin in situ as 
the excavations would permit. My first examination was made in 
May, 1889; but since the obvious commercial importance of the deposit 
gave promise of considerable development during the year, the prepa- 
ration of this account was purposely delayed until I should be able to 
make a second visit to Blandford, which was not until April of the 
present year. 

The kaolin has been derived from large veins of a coarse pegmatite, 
or endogenous granite, containing little mica and consisting chiefly 
of feldspar, and it is clearly the product of decomposition in situ in 
pre-glacial times, — a genuine remnant of an ancient sedentary soil, 
which, through some fortunate circumstance, has escaped the power- 
ful erosive action of the great ice-sheet. On account of the relations of 
the kaolin to glaciation, its topography has a- special interest, and will 
be described in greater detail than would otherwise seem necessary. 

Blandford lies on the south side of the Westfield River, well within 
the border of the crystalline formations, and is a typical example of 
the hill towns of western Massachusetts. The view, however, from the 
summit of any of the broadly rounded ridges traversing the town 
embraces a surprisingly small number of elevations projecting de- 
cidedly above the general level. But it is very clear that this region of 
crystalline and highly disturbed strata, although exhibiting the structure 
of mountains, is topographically simply a peneplain, having an elevation 
of fifteen hundred to two thousand feet above the sea, sloping gently 
eastward toward the Triassic valley, and deeply grooved by the Westfield 
River and its tributaries. In other words, this is a district which, 
having been worn down by the agents of erosion nearly to its base 
level, has been strongly elevated, establishing a new and lower base 
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level, so long ago that a strongly marked and complex drainage 
system has since been developed, and yet not so long ago but that 
considerable remnants of the old peneplain or base-level plain are still 
preserved in the higher parts of the interstream surfaces. 

The village of Blandford Centre is situated on the top, but near the 
south end, of a prominent ridge which extends in a north-northwest 
direction for several miles to Green Mountain and the Westfield River, 
and gives off various spurs or subordinate ridges. The principal part 
of the village really lies in the faintly marked saddle connecting the 
main ridge with the north end of a short parallel ridge. The main 
street of the village runs in a southeasterly direction across the north- 
em end of this subordinate ridge, and makes a slight descent on the 
east side of it to a nearly level tract or meadow some two hundred 
feet in width, beyond which the ground rises slightly before descend- 
ing on the northeast to the valley of Great Brook. The meadow, 
which appears essentially as a shoulder of the ridge, is merged on the 
north with the general rounded outline of the ridge; but where it is 
crossed by the highway it is quite level, and then slopes gently 
to the southeast, parallel with the road on the northeast, and, in a 
general way, with the ridge on the southwest, the ridge rising 
about eighty feet above the meadow. The trend of this ridge is 
about north-northwest and south-southeast, or almost exactly parallel 
with the glacial striae upon its ledges of schist and granite; and it is 
thus apparent that the elevated meadow, which is the exact location 
of the kaolin, is not, with reference to glacial movement, in the lee of 
the ridge, or of any ground rising above its own level, but it was, so 
far as can be seen, exposed to the full sweep of the ice. 

The ridge above the meadow, like the main ridge of which it is 
a spur, and like all the surrounding country so far as examined, is 
mainly composed of a distinctly crystalline and typical mica schist. 
The beds are occasionally garnetiferous, and are quite frequently inter- 
stratified with a fine-grained and well laminated hornblende schist. 
The general strike of the beds is about north and south, and a verti- 
cal or very high westerly dip prevails; but both of these elements 
of the bedding exhibit great irregularities, the strike especially vary- 
ing widely and rapidly from the normal direction. These local flex- 
ures or contortions of the strata are evidently related in many cases 
to the great veins of coarse granite or pegmatite which traverse the 
schists. These consist chiefly of coarsely crystalline or cleavable 
potash feldspar, with usually some muscovite and quartz. The mus- 
covite crystals rarely exceed two or three inches in breadth, and 
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when larger are likely to be somewhat affected by corrugation and 
wrinkling. On this account, chiefly, the exploitation some years ago 
of one of these veins, in which the crystals are larger than usual, for 
commercial mica and feldspar, proved unprofitable. The quartz is 
sometimes abundant, especially in the smaller veins, and frequently 
forms a beautiful graphic granite with the feldspar. Besides these 
principal or normal constituents of the granite, tourmaline, garnet, 
cyanite, and more rarely magnetite and beryl, have been observed. 
The veins vary in width from a few inches to thirty or forty or more 
feet ; and, although running in a general way parallel with the enclos- 
ing schists (interbedded veins) they exhibit a great amount of irregu- 
larity, frequently breaking across the bedding of the schists, increasing 
or diminishing rapidly in thickness, and branching or coalescing, so 
as to enclose considerable masses of schist. The study of the excel- 
lent exposures of these highly feldspathic veins on the ridge throws 
much light on the structure and general relations of the kaolin under 
the meadow; for the most casual examination shows, as already 
stated, that the kaolin has resulted from the decay in situ of a vein 
or a connected group of veins of the pegmatite. 

At the eastern base of the ridge, about forty feet from the edge of 
the meadow, and five to ten feet above the level of the latter, excava- 
tion has clearly exposed the contact between the mica schist of the 
ridge and a broad vein of pegmatite, chiefly feldspar, which extends 
out under the meadow. The contact is parallel with the bedding of 
the schist, trending about N. io° W., and dipping west, or under the 
ridge, at a very high angle. The schist near the contact is pretty well 
decayed, falling to pieces readily under the pressure of the hand ; but 
it has not been completely kaolinized or reduced to such a plastic 
earth as may be seen representing original bodies of schist under the 
meadow. The pegmatite also, near the contact, and generally above 
the level of the meadow, is imperfectly decomposed, the decay hav- 
ing advanced to the point of general disintegration without marked 
or extensive kaolinization. But everywhere below the level of the 
meadow, so far as seen, the decomposition of both the pegmatite and 
schist is nearly or quite complete ; the abundant gray feldspar of the 
pegmatite being represented by a beautifully soft and white or occa- 
sionally pinkish-white kaolin, which is distinctly plastic when kneaded, 
and appears to be adapted to almost any of the uses of pure kaolin. 
The .following analysis by Dr. L. M. Norton of the Massachusetts 
Institute of Technology shows that it has approximately the nor- 
mal composition of kaolin, and the slight excess of silica may be 
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reasonably regarded as microscopic quartz existing in the original 
pegmatite. 

Smca(SiO,) 52.03 

Alumina (AljOa) 31.76 

Water (H,0) 15.55 

Magnesia (MgO) 0.54 

Oxide of iron (FesOs) Trace. 

Lime(CaO) Trace. 

Alkalies (K,0 and NasO) Trace. 

99.88 

That the kaolin has been derived from the pegmatite, and that it 
is a true case of decomposition in situ, there can be no doubt. It 
still shows throughout the structural features of the pegmatite, includ- 
ing even the form of graphic granite when quartz is present. Half- 
decayed mica crystals and groups of crystals are seen still undisturbed ; 
but the chief interest in this connection attaches to the scattering 
crystals of tourmaline. These are sometimes a foot in length; but 
although rotted to a coarse sand or coal-black earth, they are still 
essentially intact as to form, and present a sharp contrast to the 
snow-white enclosing kaolin. Small grains and fragments of half- 
decayed feldspar are sometimes found in th9 kaolin; and all these 
facts, as well as its purity, are incompatible with the idea that the 
kaolin has been washed into its present position. Again, the par- 
tially decomposed pegmatite already noted near the contact with the 
decayed mica schist on the west, and above the level of the meadow, 
appears to pass gradually downwards as well as outwards into the 
kaolin, the decomposition, as stated, being nearly or quite complete 
for all that part of the pegmatite below the level of the meadow. 
And, finally, the relations of the kaolin to the schist prove that it is, 
as a whole, pseudomorphic after one or more veins of pegmatite. 
The kaolin has been proved to extend east from the west wall of the 
vein about one hundred feet, or to the middle of the meadow. It is 
probably not entirely continuous for this breadth, for on the north 
side of the excavation, which now affords a good transverse section, 
the kaolin is divided by a sharply defined and vertical mass of 
thoroughly decomposed mica schist about eight feet wide. This may 
be regarded as separating two entirely independent veins of pegmatite ; 
or we may think of the veins as uniting immediately to the southward ; 
or the mass of schist may be simply an enclosure in one large vein of 
pegmatite. In either case it proves conclusively that the decomposed 
pegmatite or white kaolin is still in situ ; for although this schist is 
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now a soft, unctuous and somewhat plastic clay, glistening with the 
scales of decayed mica, its original bedded structure is still perfectly 
preserved; and the idea that it might be a bowlder of schist which 
had been deposited with the kaolin, or subsequently forced into it 
by the pressure of the ice-sheet, and afterwards decomposed, is pretty 
well negatived by the fact that it has the normal strike and dip of the 
unaltered schist in the ridge. Besides, this mass of kaolinized schist 
and the adjoining white kaolin differ from the rotten schist and 
pegmatite along the west wall of the vein, which are unquestionably 
in situ, only in being more completely kaolinized owing to their lower 
positions. A much smaller mass of kaolinized schist appeared to be 
wholly enclosed in the white kaolin, but the exposure was not entirely 
satisfactory. The completely decomposed or kaolinized schist is of a 
distinctly yellowish to brownish color, owing to the peroxidation and 
hydration of the iron oxide ; and the hornblende schist, as we should 
expect, yields a more deeply colored clay than the mica schist. 

Having seen that both the white and colored clays observed here 
are the products of decomposition in situ, being simply kaolinized 
pegmatite and schist, and hence genuine examples of sedentary or 
residual soils, their relations to glaciation and the drift deposits next 
demand attention. Foitunately, the recent excavation is nearly all 
that could be desired in this respect. It shows, in the first place, 
that, although the field under which both the white and brown kaolin 
are found is nearly level, the upper surface of these residual clays is 
very uneven ; for while they come at some points, as along the west 
side of the field, nearly or quite to the surface, they are in general 
covered by greatly varying thicknesses of drift. They have been 
proved by boring and digging to underlie an area at least one hundred 
feet in breadth (east and west) and three hundred feet in length (north 
and south) ; and in a general way the thickness of the drift increases 
toward the middle of the field, where it is sometimes as much as ten or 
twelve feet or more. No prospecting for kaolin has yet been done in 
the east half of the field ; but the shape of the ground is certainly 
favorable to the view that it is underlaid by the sedentary soils, and 
it is perhaps probable that toward the eastern, as toward the western, 
border they come nearest to the surface. It is possible, however, that 
the rocky ridge rising abruptly eighty feet above the western margin 
of the field, although its trend is parallel with the glacial movement, 
has in some way afforded more protection to the residual clays at its 
base than the low ledges bordering the field on the east. 

The drift covering the residual clays is chiefly a dark brown or 
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slightly greenish-brown sandy clay. It is very compact and firm, a 
true hard-pan, being in this respect a typical till or bowlder clay, which 
has felt the full weight and prolonged pressure of the ice-sheet. It 
resembles the till exposed in various road-side sections in this part of 
Blandford, except that it is less mixed with stones, being of a more 
uniform character. It is distinguished from the brown residual clay 
beneath by its greater hardness, the absence of vertical stratification, 
the occurrence in it of small, hard, worn fragments of quartz, granite, 
etc., and especially by the imbedded bowlders. Rounded to sub- 
angular bowlders one to five or six feet in diameter, consisting largely 
of fine-grained granite and other rocks foreign to this immediate 
locality, are scattered over the field or protrude from its surface ; and 
quite a number have been removed from the excavation, while others 
can now be seen imbedded in the hard-pan clay. A sharp line of 
demarcation usually separates the hard-pan from the underlying 
residual clays ; and in the north end of the excavation it can be seen 
to pass unchanged from the rotten pegmatite to the rotten schist. 
That the drift actually covers the residual clays, and that it is the true 
till or ground moraine, and not any sort of post-glacial deposit, there 
can be no reasonable doubt. 

The most important question remaining is as to whether the decay 
of the pegmatite and enclosing schist can be proved to date from 
pre-glacial times. May we not suppose that the till was spread here, 
as elsewhere in this neighborhood, over the hard, unaltered pegma- 
tite and schist, and that the decomposition of these rocks has sub- 
sequently occurred through the action of some purely local cause? 
The almost impervious hard-pan would certainly tend to prevent the 
access of atmospheric agents, and thus protect the underlying rocks 
here, as it does generally, from decay. The fact that the kaolin under- 
lies what may be called a meadow is suggestive of a recent origin; 
but although the ground is nearly level toward the northwest, it has 
a decided slope in the opposite direction, and the whole area is well 
drained, presenting nothing of a boggy or marshy character. The 
soil is not peaty, and has all been cultivated. Apparently the only 
basis for a valid argument against the pre-glacial origin of the residual 
clays is afforded by the fact that a spring issues, except during the 
driest months, from near the west wall of the decomposed pegmatite 
vein, at the base of the ridge, and flows down across the field. The 
water can be seen coming out through the white kaolin, apparently 
from a considerable depth. It was the attempt to make this water 
more available for farm uses that led to the discovery of the kaolin. 
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The spring, however, is local, while the residual clays, as already 
stated, have been proved to cover a considerable area, and no known 
facts forbid the belief that they underlie the entire field or meadow. 
Excavations and borings, made not only near the spring, but at 
several points from one to two hundred feet away from it in dif- 
ferent directions, have proved that the kaolin extends to a depth of 
at least twenty-five feet, and that at that depth it is still soft and 
plastic, affording ground for the opinion that its gradual passage 
downward into hard rock may not occur nearer than fifty or seventy- 
five feet from the surface. These dimensions indicate a volume of 
decomposed rock which it seems unreasonable to attribute to the 
chemical action of one small spring of cold water in post-glacial 
times. In fact, considering the acid and stable nature of the pegmatite 
and schist, we can hardly suppose the meteoric waters to possess 
this degree of potency even under the most favorable conditions, 
as when aided by an abundance of decaying vegetation, with the re- 
sulting organic acids. The schists about Blandford are rarely stained 
with iron oxide; and there is no indication that they anywhere con- 
tain sufficient pyrite to afford by its oxidation enough free sulphuric 
acid to be of any interest in this connection. 

All these considerations in favor of the pre-glacial origin of the 
kaolin and decayed schist may, however, be waived without conceding 
the main point, because the fact that tells most strongly in that 
direction remains to be stated. The excavation shows that, while the 
till covering the residual clays is so strongly contrasted with them in 
character, it yet affords evidence that they were in existence when it 
was formed. Along the contact between the till and kaolin, the latter 
bears witness to the pressure and friction of the till, having been 
dragged along and to some extent mixed with the till; and at some 
points a vertical section shows several irregular layers or streaks of 
kaolin alternating with the till, or even a detailed interlamination of 
the two kinds of material. The structure of the till excludes the free 
action of water in the arrangement of the materials ; but it appears 
probable that water has co-operated in a partial and limited manner 
with the ice in developing the rude interstratification of the kaolin 
and till. At any rate, it is clear that the kaolin antedates, in part at 
least, the accumulation of the till; and since residual deposits or 
sedentary soils must grow, in general, from the surface downward, 
it follows that the oldest part of the kaolin, and therefore the part 
most certainly of pre-glacial origin, is that on which the till imme- 
diately rests. 
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We are thus forced to the consideration of the problem as to how 
this limited mass of residual clay, a solitary remnant of the wide-spread 
sedentary soil of pre-glacial times, has escaped obliteration by the 
ice-sheet. Apparently, the only favoring circumstance besides the 
ridge on the west is the fact that toward the north-northwest, where 
the ground begins to descend in that direction, the schist and granite 
come to the surface in h^rd, unaltered ledges, affording, perhaps, a 
partial protection or lee to the kaolin. We may, perhaps, reasonably 
suppose that the sedentary soil was originally deeper on this level 
shoulder of the ridge than on the slopes above or below. There are 
indications of an unusually large development of pegmatite at this 
point; and the spring is at least suggestive of fractures, or other dis- 
turbance, which would permit freer access of the agents of decay. 
Although the rational explanation of this seeming miracle of the 
preservation almost intact of a large mas3 of pre-glacial soil on a hill- 
top at an elevation of fifteen hundred feet in the midst of a strongly 
glaciated region, thus obliges us to postulate conditions more favor- 
able in some respects than have been fully proved to exist, I believe 
one ventures but little in assuming that, owing to structural features 
which are not now clearly exposed, the decay of the granite and 
schist extended here to an unusual depth, so that the lower part of 
the original thickness of residual clays occupies a distinct recess in the 
hard, unaltered rocks, which have thus protected and preserved it. 

Pre-glacial sedentary soils are, of course, not unknown elsewhere 
in New England ; but the Blandford deposit is perhaps unique in the 
apparent absence of adequate protection from the erosive action of 
the ice-sheet, if not in the absence, so far as known, of any specially 
active or efficient agent of decomposition. The well known deposits 
of white and colored kaolin in Brandon, Monkton, and other towns 
in Vermont, are covered by drift accumulations, and certainly date 
from pre-glacial times. They are, however, closely associated not only 
with limestone, but also with extensive beds of limonite; and since 
the iron ore has undoubtedly originated in the pyritiferous schists 
which often accompany the crystalline limestones of western New 
England, we find in the free sulphuric acid which necessarily results 
from the oxidation of pyrite a powerful ally of the meteoric waters 
in the kaolinization of the schists. Besides, the more important ot 
these masses of kaolin enclose considerable bodies of lignite with 
vegetable fossils which prove it to be of Tertiary age. These white 
and colored kaolins are thus seen to be, not residual deposits at all, 
but aqueous or sedimentary accumulations, perhaps of strictly local 
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origin, comparable, if not synchronous, with the variously colored 
clays and associated lignite and iron ore of Gay Head on Martha's 
Vineyard, and showing even more distinctly the disturbing influence 
of the great ice-sheet. 

At other points in the Green Mountain region the iron ores are 
accompanied by genuine and unquestionable residual clays; and 
where the vertical position of the strata has favored the downward 
progress of the meteoric waters, the decay of the rocks is very far 
from being a merely superficial phenomenon. Thus, I found on visit- 
ing the iron mine in West Stockbridge, Mass., several years ago, that 
the schists enclosing the ore are thoroughly rotted and kaolinized, even 
in the deepest workings, about three hundred feet below the surface. 

Undoubtedly one of the most considerable occurrences of pre-glacial 
and strictly residual clays yet observed in New England is that pene- 
trated by the Hoosac Tunnel at the western base of the Hoosac 
Mountains. The decomposed gneiss and schist here have been called 
the "demoralized" rock, and added greatly to the difficulty and 
expense of constructing the tunnel. According to the data collected 
and published by Dr. T. Sterry Hunt, the decomposed rock has a 
breadth of fully one thousand feet ; and the decay is cqmplete to a 
depth of at least two hundred feet. In other parts of New England 
veins of pegmatite are found rotted in sitUy and affording a pure and 
white kaolin of commercial importance. But although these may 
perhaps be fairly regarded as remnants of the pre-glacial sedentary 
soil, the evidence appears to be less perfect and conclusive than in 
Blandford. 

That the lithologic decay in this region during post-glacial time 
has been almost nil is proved by the fact that the removal of the 
drift exposes everywhere, and on almost all kinds of rocks, a hard, 
unaltered glaciated surface. I am well persuaded that even the de- 
composed dikes of diabase which are observed in many parts of New 
England, and which are a feature of particular interest in the. geology 
of the Boston Basin, simply witness, in general, to the substantial 
results accomplished by the quiet and unobtrusive atmospheric agents 
during the long pre-glacial epochs, and owe their preservation to the 
narrow fissures which they occupy in harder and more durable rocks. 
This general conclusion appears to be justified by the fact that the 
great majority of the dikes present hard, glaciated outcrops; and 
there is only now and then one which was so deeply decomposed that 
the ice was unable wholly to remove the products of decay. It is 
undoubtedly true, however, that the more coarsely crystalline diabase 
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forming the great dikes in Medford, Somerville, etc., like some of the 
granites, is subject to rapid disintegration by frost action, and that this 
process is now going on. We may thus readily explain the formation 
in post-glacial, and even in quite recent times, of the considerable 
bodies of coarse diabase sand known in this vicinity as Medford gravel 
and used for walks and carriage roads. This process is mainly me- 
chanical, and such decomposition as is observed to accompany it may 
be fairly regarded as incidental, and ascribed to the disintegration 
which enormously increases the surface exposed to the action of the 
chemical agents; for it is not intended anywhere in this paper to 
assign greater efficiency to the delithifying agents or chemical erosion 
in pre-glacial than in post-glacial times, except as this would naturally 
result from a milder climate. The climatic difference is undoubtedly 
of vast importance; but nevertheless chemical changes are now in 
progress, and, given sufficient time or a sufficiently extended surface 
for their operation, the results must be comparable in magnitude with 
those observed in unglaciated regions. The superficial oxidation of 
the drift is one plain indication that chemical changes are now taking 
place in glaciated regions, while the general absence of sedentary soils 
simply testifies to the shortness of the time since the ice-sheet melted 
away. 
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A COURSE OF INSTRUCTION IN RAILROAD 
MANAGEMENT 

BY C. FRANK ALLEN, Associate Professor of Railroad £nginberi2IG. 

In our best technical schools the instruction in Civil Engineering 
necessarily includes the study of many subjects which find their most 
important applications in connection with railroads. 

Such instruction, naturally and properly enough, has commonly 
been directed to the preparation of the student for the work of con- 
structing railroads, — work peculiarly within the province of the civil 
engineer ; if a young engineer can lay out and construct a railroad of 
any sort, he is of value ; if he can be relied upon to construct safely, 
he is more useful ; while if he can also construct economically, his value 
to a railroad company is wonderfully enhanced. 

Safe construction has for many years been taught with considerable 
completeness, and at the present time the importance of economy in 
construction is coming to be more fully appreciated, year by year. 

The work of the civil engineer is properly construction; but in 
railroad work a point has already been reached where it is recognized 
that the best results cannot be attained without taking carefully into 
account the effect of construction upon the value of the railroad 
property with reference especially to operating expenses and to earn- 
ings. Economical construction, too, depends not merely upon proper 
design, but equally upon skilful business management in the execution 
of the wprk. From these and other causes, it has resulted that there 
is demanded from railroad engineers a broader knowledge of many 
questions connected with the administration and operation of railroads 
than that which naturally results from instruction in civil engineering, 
technically considered. 

This demand may very properly be met by a course of instruction 
in Railroad Management, which, however, should not be too strictly 
limited to the matters above specified, and, in fact, ought not to be 
confined to the needs of students of civil engineering, or even of 
young men whose life is to be devoted to railroad work ; for railroads 
are so closely identified with nearly every interest of our country that 
some knowledge of methods of administration ought to be of interest 



Digitized by 



Google 



A Course of Instruction in Railroad Management. 239 

and value to every one. If we consider railroads in their various re- 
lations to their owners, to their patrons, to their employees, and to 
the government, we are enabled to gain some idea of the breadth of 
the subject. Within a few years, the relation of the railroads to the 
government has assumed more than ordinary importance, and jiot a 
little legislation has resulted, having in general for its object, in this 
country, the protection of the public against any unjust action on the 
part of the railroads. In fact, the importance of the relation of rail- 
roads to the government as a public question has far outstripped the 
ability of legislators or of citizens to deal wisely with it, and there 
exists a definite need of growth and development in knowledge of 
railroad matters among our better educated citizens. 

A course of lectures in Railroad Management in a technical school 
should then be arranged not alone with a view to the better fitting 
of students for railroad work ; it should equally be .considered as a 
branch of liberal education leading to a broader and better citizenship. 

It is proper that such a course should presuppose some knowledge 
of Political Economy, and that it should be treated largely from the 
economic side. Matters of minor detail should have no place there, 
except so far as they can be advantageously used in illustration of 
some principle. 

It matters little to us whether a brakeman raises and lowers his 
lantern, or swings it in a circle, for a signal to an engineer to start or 
stop a train. There is no matter of principle involved. It might be 
entirely proper, however, to point oiit, as a matter of principle, that it 
is bad management in the case of two neighboring roads that a brake- 
man on one should raise and lower his lantern, while on the other the 
brakeman should swing his in a circle, to indicate the same train 
movement. 

At the outset, a brief history of railroads from the beginning may 
well serve as a foundation upon which to build, and this may profit- 
ably be followed by a discussion of the means for internal commerce 
that existed a century ago, and the progressive steps, including turn- 
pikes and canals, by which railroads became the recognized channels 
for all long distance inland traffic. The causes and conditions which 
led to the consolidation of short independent lines into systems for 
through traffic would naturally follow, and bring us to the considera- 
tion of what a railroad is at the present time, as a basis upon which 
more readily and understandingly to investigate those general railroad 
questions and problems which should constitute the most important 
feature of such a course. 
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In a lecture delivered a few years ago, Charles Francis Adams 
divided railroad administration into five principal departments: i. Fi- 
nancial; 2. Construction; 3. Operating; 4. Commercial; 5. Legal; — a 
classification very convenient for our use. 

In the Financial Department, the first question is, properly, whether 
or not to build the line, and its answer should depend upon the proba- 
bility of its yielding a profit to its projectors ; but this profit may be 
in the form of an indirect return. A discussion of the nature of a rail- 
road corporation, how formed, how the money is secured, and how 
spent, will shed much light upon the methods by which profit may 
be secured; such a discussion should show, for instance, what is the 
nature of the stockholder's interest in a railroad, and why, in a new 
and growing country, the proportion of bonds to stock should be 
large, while in a well settled region, where capital is abundant, the 
proportion of bonds to stock is likely to be small. Statistics may be 
given, showing the amount of money invested in railroads; showing, 
in the case of certain railroads, how much of gross earnings is ab- 
sorbed in operating expenses, how much goes to interest on bonds, 
and how much to dividends; giving, also, general data as to the 
amount of dividends paid, and the proportion of bankruptcies and 
receiverships. The business conditions which have led to the neces- 
sity for corporations rather than partnerships are worthy of attention. 
Reference should be made to speculation and speculative manage- 
ment, and to stock watering in its several forms, some of which are 
unobjectionable in point of morality, while others are bad enough. 
It should also be shown in what way accounts are juggled so that 
dividends may be declared when none have fairly been earned. These 
and many other matters form suitable subjects for discussion in con- 
sidering this department. 

The Department of Construction is that in which civil engineer- 
ing finds its special field. The first question to be decided upon is 
the route, and it is desirable that the general route shall be settled 
from an actual examination of the country, previous even to the 
drawing of the charter. An unfortunate selection of location means, 
perhaps, steeper grades, lighter trains, and increased expense of 
operating; it may mean largely increased cost of construction, or a 
failure to reach important points from which large earnings ought 
to have been secured, or it may, indeed, involve the company in 
serious legal complications. An inferior location may handicap the 
work of each of the other four departments. The attention of the 
student should be called to such facts, and he should understand that 
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in construction it is often, though not always, the case, that economy 
will result from building cheaply at first, and renewing or improving 
in a more permanent manner at a later date. As an example, bridges 
of minor importance may be first constructed of wood, and, when 
renewal is necessary, replaced by structures of stone or iron, which 
can be hauled by train much more cheaply than by wagon. Embank- 
ments, too, may be left low at first, and afterwards raised when steam- 
shovel and train allow of very cheap handling of material. These 
matters touch closely, perhaps, upon the technical in civil engineer- 
ing; but, in addition, there are matters purely of business manage- 
ment, among the most important of which are the letting of contracts 
and dealing with contractors. There is opportunity for much to be 
said as to whether a large amount of work should be let under 
a single contract, or whether in short stretches of a few miles each ; 
then the manner in which specifications shall be drawn, including the 
basis for estimating the work, may noticeably influence the price of 
bids, while the personal characteristics of the chief engineer will often 
affect the cost of work to a considerable extent. The purchase of 
material, again, offers more than usual temptations to waste. A careful 
discussion of such questions as those mentioned above is believed to 
be of the highest interest and importance, and practically outside the 
matters properly or generally taught as a part of civil engineering. 

The Operating Department might, with propriety, include the Com- 
mercial ; but it is more convenient to separate the two, regarding the 
operating department as looking after the running of trains, and, for 
a rough classification, the conduct of those affairs in which expenses 
are incurred, while the commercial department attends to the secur- 
ing of business, and deals largely with matters of receipts or revenue. 
Taking the operating department proper, it was found that, as the 
business of railroads increased in importance, a superintendent could 
have personal knowledge of but little of the actual detail work, and 
as the number of employees became greater, and the duties more 
varied, the necessity for organization became apparent, and now 
organization thorough and complete has become a very important 
feature of railroad operation. A schedule of organization should be 
given, showing a complete system, from the Board of Directors and 
tfie President down to the brakemen, section hands, and day laborers. 
Much light can be shed upon the operation of a railroad by devoting 
some attention to the character of the duties of many of the officials 
whose work is important, though not understood or appreciated by 
the general public; among these may be mentioned, for example, 
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the auditor, the purchasing agent, the car recorder, the train de- 
spatcher, and, perhaps, the more humble hostlers and track-walkers. 
The organization and discipline of the working force, the methods of 
payment of trainmen, the adjustment of lengths of divisions and of train- 
crew runs, the weight of engine, the capacity of cars, the operation of 
pusher grades, the best business methods for maintaining good track, 
the weight and general form of rail in case of renewal, — these and 
similar questions have bearing upon the cost of operating, sufficient 
to deserve special comment, or, in some cases, detailed explanation. 
It is, in short, desirable to touch upon various minor matters not 
evident to the looker on, which are, nevertheless, important links in 
the successful operation of a railroad. The value and use of railroad 
statistics are matters of great importance, and may be properly con- 
sidered at this time. 

The Commercial Department, as has been already stated, is con- 
cerned in securing business, and deals with receipts and revenue. No 
railroad can be managed profitably simply by economy in operating; 
it is necessary that the securing of revenue should have very careful 
attention, in order that the gross earnings may be as large as possible. 
We should know from what sources railroad receipts are derived, and 
should understand the general principles upon which success in secur- 
ing them depends ; it should be pointed out that in some cases larger 
returns can be expected to result only from the development of the 
country traversed by the railroad ; in others, the expenditure of effort 
should be in an attempt to outdo rival lines. There is an excellent 
opportunity here to show the student the necessity of recognizing 
that in many cases the prosperity of the railroad is dependent upon 
the prosperity of the country, and that this prosperity depends largely 
upon the facilities and encouragment offered by the railroad itself. 
The interests of the public and of the railroads are largely identical, 
a fact which the most enlightened railroad managers have long since 
learned. Either here or elsewhere some mention should be made of 
the methods adopted for conducting through freight traffic, including 
some discussion of car " mileage " and " per diem," of classification of 
rates, of differentials, and various other matters of interest of a similar 
character. 

The Legal Department is not of a character to require that much 
time should be devoted to a description of its work. It is, however, 
very desirable that the student should know what constitute the prin- 
cipal duties of a railroad attorney; that the preparation of charters, 
leases, contracts, and deeds, and the private settlement of claims are 
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far more important parts of the railroad lawyer's work than the mere 
trial of cases. The young engineer should, if possible, know some- 
thing of the legal difficulties to be avoided in the conduct of his own 
work, and have some idea as to when it will be necessary for him to 
consult the company's lawyer in order to avoid trouble. While a 
discussion of the legal department proper does not justify the ex- 
penditure of much time, yet an admirable opportunity is presented for 
giving the student some instruction in such points of law as have a 
direct bearing upon the conduct of railroad business. Some knowl* 
edge of law is desirable for every business man. There are few who 
do not find it necessary to make contracts of some sort, even if verbal 
only, and every one ought to understand what features are essential 
to a valid contract, and, in addition, to know what other provisions 
good business principles dictate as requisite. Of other law, it is well 
to dwell somewhat upon such matters as the distinction between 
common and statute law; between questions of law and questions of 
fact; the law of common carriers; the law of eminent domain; 
the essentials of a deed for the transfer of real estate. The instruc- 
tion in these matters should be brief, and should not involve the 
technicalities proper for law students; the general principles, how- 
ever, can and should be set forth in a way to be understood by any 
student of average intelligence, and sufficiently to enlarge materially 
his intellectual horizon. 

A sufficient foundation should by this time have been established 
to allow of the profitable consideration of general matters affecting 
railroad administration. Such for instance, is the principle of com- 
petition and combination, applied generally, as well as to railroads; 
but it should be pointed out that the operation of competition and 
combination is different in the case of railroads on the one hand, and 
of general business on the other. The several kinds of monopoly may 
be referred to and commented upon. The methods adopted by rail- 
roads to avoid the evils of competition should be carefully looked 
into, and this should lead to a discussion of railroad associations and 
railroad pools. It is desirable to allude to the important changes in 
business methods which have taken place since railroads were first 
introduced, what these changes have been, and how they have led to 
lower rates, — rates low enough to admit of the railroad largely super- 
seding the canal. The methods adopted in making rates, partly in 
classification, have also led to discriminations of various kinds; and it 
is upon the matter of discrimination that public interest in railroad 
affairs has very largely centred. It readily can be, and it should be, 



Digitized by 



Google 



244 C, Frank Allen. 

shown that railroad profits are not on the average too great; that 
railroad charges are not in this country too high ; and that the wide- 
spread dissatisfaction which has at times been prevalent has been due 
to discrimination of some sort. 

For the evils that have existed many different remedies have been 
proposed, and a few have been tried. Much that is desired has been 
reached in some cases by State Railroad Commissions, while in other 
cases direct legislation, some of it of the " Granger " type, has been 
resorted to with varying success; various degrees of government su- 
pervision and regulation have been attempted, and in foreign coun- 
tries government control and management have been resorted to; a 
full discussion of these matters is of extreme importance. In our own 
country a peculiar difficulty has been experienced, owing to the fact 
that the separate States could control matters only within their own 
limits. The outcome has been the passage, within a few years, of the 
"Interstate Commerce Act," which has naturally and properly at- 
tracted public interest more fully than any other railroad matter. 

The Interstate Commerce Act should be made the subject of 
careful and detailed study, and attention should be called to the evils 
which led to its passage, to the provisions by which those evils were 
sought to be remedied, and, also, to other provisions adopted for the 
purpose of rendering the act practically effective. The observed 
effects of the law in various ways may also be discussed to advantage. 
In fact, the general discussion of railroad problems can be arranged, 
very interestingly, in such a way as to lead up to and find its culmination 
in a thorough discussion of this law in all its bearings. A full appre- 
ciation of the points involved cannot well be secured except by a 
previous understanding of the points developed under the heads of the 
different departments, including the legal instruction, and very clearly 
requiring that the student should understand the bearing of competi- 
tion, discrimination, government control, and all such questions, with 
reference to this law. 

There are also many subjects that may be either treated as isolated 
subjects, or incorporated in the general discussion, as seems best. 
The question of taxation is one of some difficulty in any case, and 
as applied to railroads some unusual methods have been adopted. 
The ordinary basis, upon real estate and personal property, is not 
uncommon; but in some States the capital stock forms the basis, 
while in others the tax is a certain percentage of the earnings ; so that, 
from the variety of views entertained, the subject of taxation of rail- 
roads becomes an interesting and important one. 
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Railroad accidents can be discussed, and statistics given to show 
their causes and furnish means for judging in what ways we may ex- 
pect to avoid them, or render them less disastrous when they occur. 

It is but a few years since narrow gauge railroads were in great 
favor, and a discussion of the merits of the narrow gauge, as compared 
with the standard gauge, may as properly find its place here as in 
the technical work of railroad engineering. 

From time to time, also, there arise questions having temporarily 
special importance, and requiring on that account more than passing 
notice. Such, for instance, at the present time in Massachusetts, is 
the question of the abolition of grade crossings, where every one wants 
grade crossings done away with provided some one else will pay for it. 

The subject of Railroad Management is so broad, that, in arranging 
a course of lectures upon this subject, there is as great difficulty in 
knowing what to exclude as in deciding what to include. It is not 
improper to repeat that the subject should be treated in general from 
the economic standpoint, and should, it is believed, deal little with 
details, except for the purpose of illustrating principles, unless per- 
haps in some cases where it is desirable, or almost necessary, in order 
to maintain the interest of a class. 

The Course of Instruction in Railroad Management above outlined 
is essentially the one given to students at the Massachusetts Institute 
of Technology, and has been primarily arranged with a view to the 
needs of young men whose future will be identified with railroad 
work. Railroad administration furnishes abundant opportunities for 
any well educated young man to exercise all the ability which nature 
and training have placed at his disposal, and a technical training is 
without doubt the best foundation upon which to build, in anticipation 
of entering the service of any of our successful railroads. But the 
importance of the relation of railroads to the State, which is becoming 
more evident almost day by day, furnishes a reason why a course dif- 
fering little from the above might with propriety be looked upon as a 
useful part of a liberal training in colleges where instruction in tech- 
nical engineering finds no place. 
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THE DISTRIBUTION OF PHOSPHORUS AND NITROGEN 
IN THE PRODUCTS OF MODERN MILLING. 

BY ELLEN H. RICHARDS, Instructor in Sanitary Chemistry, and LOTTIE A. 

BRAGG, S. B. 

The wheat product of the United States is now about 500,000,000 
bushels annually, while the production of Indian com is nearly four 
times this amount. The wheat is mainly used for human food, while 
Indian corn is largely fed to animals, so that whatever concerns the 
best use of wheat concerns the human race. Whole wheat has long 
been considered one of the few perfect foods containing all the ele- 
ments necessary to healthful life. When the law of civilization (division 
of labor) required the large mill to replace the family mortar, it became 
essential to prepare a flour which would bear transportation from the 
place of manufacture to the place of use. This requirement could be 
met only by the removal of the germ and the outer coating of bran, 
both of which contain certain active ferments, which soon begin to 
act upon the starch, and so cause the flour to spoil. In order to 
secure the keeping of the prepared flour for an indefinite time, it was 
necessary to remove both these substances by a process of sifting 
or bolting. 

After chemical analysis showed the germ to be the richest in nitroge- 
nous substances of any part of the grain, and the bran to be richest in 
phosphates, it was cleverly argued that the sifted flour had lost its high 
character as a food, and for the past forty years or more white flour, 
and white bread made from it, have been the targets at which all food 
reformers have levelled their arrows. 

A measure of opprobrium lingers long after the cause of it has been 
removed. Although the whole process of flour manufacture has under- 
gone a revolution since 1872, and roller milling has, in the larger estab- 
lishments at least, taken the place of horizontal stone grinding, and 
thus the character of the products has been materially changed, the 
same old arguments still serve, and the same abuse of white bread is 
found in all books upon food. 

It was our intention to compare the products of the two processes 
as to the per cent of phosphorus and nitrogen in the finer grades of 
flour; but on consultation with the Flour Inspector of the Boston 
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Chamber of Commerce, Mr. Towne, we found to our surprise that 
no mills of any considerable size were using the old stones alone, al- 
though a few mills were known to use a combination of both methods. 
Inquiry in all directions failed to bring to our knowledge even a small 
country mill turning out the old ground and bolted flour, so complete 
has been the revolution accomplished in eighteen years. 

It was then determined to endeavor to obtain a comparison of flour 
made from winter wheat and from spring wheat, not only as to com- 
position, but as to distribution of the important elements in nutrition. 

We are indebted again to Mr. Towne and to Mr. J. O. Frost for the 
suggestion of the names of manufacturers whose reputation for pro- 
gressive spirit and scientific method could be counted upon to respond 
to our somewhat troublesome request, which was nothing less than a 
set of samples guaranteed to be fair averages of a lot of wheat and 
of the products of milling, and also the per cent of each product, in 
order that we might construct a balance sheet of the phosphorus and 
nitrogen, and determine its proportionate distribution in the various 
products. 

Well aware that this was a great deal to ask, we preferred our re- 
quest, with some misgivings, to Messrs. E. T. Archibald & Co., of 
Dundas, Minnesota, for samples of spring wheat, and to Messrs. E. O. 
Stannard & Co., of St. Louis, for samples of winter wheat. Both these 
firms responded with the greatest courtesy and cordiality, and we take 
great pleasure in acknowledging our indebtedness to them. 

Since these samples are from mills not included in the Bulletin of 
the Department of Agriculture, " An Investigation of the Composition 
of Wheat and Corn," by Clifford Richardson, the results have an addi- 
tional value. 

The samples came directly from the mills, in little sacks carefully 
protected, and were put into tightly closed jars as soon as they 
reached the laboratory. 

The samples of St. Louis winter wheat comprised 

Whole Wheat, Low Grade Flour, 

Royal Patent Flour, Middlings, 

Extra Fancy Flour, Bran. 

The samples of Minnesota spring wheat comprised 

Whole Wheat, Low Grade Flour, 

Patent Flour, Shorts, 

Bakers' Flour. Bran. 
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Five determinations were made of the weight of each wheat, the 
average result being : — 

100 grains of St. Louis Wheat weighs 2M grains. 

100 *' Minnesota « " 2.74 " 

The analytical work consisted in the determination of the moisture, 
nitrogen, and phosphorus in all the samples. 

The nitrogen was determined by the Kjeldahl process, as follows : — 

The flour was weighed out in a small tube with a loop of platinum 
wire fused in the end of the glass, so that, when weighed, it could be 
lowered into a pear-shaped digestion flask without leaving any flour on 
the neck of the flask. Ten cubic centimeters of strong sulphuric acid 
were then added, and from 0.25 to 0.3 gram of pure mercury. The 
flask was placed over a low flame and digested until the solution was 
colorless. At this stage a few crystals of potassium permanganate 
were added, until a green color remained. When cool, the contents of 
the flask were transferred to a round-bottomed flask, using 200 c.c. of 
water free from ammonia to rinse the flask well. Then 15 c.c. of potas- 
sium sulphide solution were added, and lastly 80 c.c. of caustic soda, 
washing down the neck of the flask with water free from ammonia. 
The flask was then connected with a proper condenser. Twenty-five 
cubic centimeters of standardized hydrochloric acid solution were run 
from the burette into a 250 c.c. receiving flask, and water added, if 
necessary, to seal the exit tube of the condenser, which was of glass 
with a bulb at the top. About 200 cubic centimeters were distilled 
off. Into this was run from a burette enough ammonia solution to 
make it alkaline, as shown by the yellow color of the solution from the 
methyl orange, a few drops of which had been sodded. This alkaline 
solution was then titrated with standard hydrochloric acid solution, to 
the exact point of neutralization. The flask was saved, and the color 
of this used as a standard in titrating the duplicate. 

The following are the results obtained by this method. 

Nftrogen Determinations in Minnesota Spring Wheat and its 

Products. 

No. of Nitrogen. 
Detenninations. ATenge per cent. 

Wholewheat 5 2.236 

Bakers' Flour 7 2.403 

Patent Flour 9 2099 

Low Grade Fiour 8 2.59* 

Shorts 8 2.784 

Bran 6 2.SS2 
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Nitrogen Determinations in St, Louis Winter Wheat and its 

Products. 

Na of Nitrogen. 

DeternuDatioas. Average per cent 

Whole Wheat 6 1.875 

Extra Fancy Flour 6 1.787 

Royal Patent Flour 7 1.396 

Low Grade Flour 5 2.084 

Middlings 6 2.738 

Bran 6 2.622 

To determine the moisture in the wheat and flour several methods 
were used, with varying success. It was first attempted to dry the 
samples in tubes made from test tubes, which fitted closely so as to 
make a nearly air-tight joint. The tubes were placed in a sack which 
held the covers also, and dried at 110° C, and cooled over calcium 
chloride. The results were uniform, but in all there was a gain at the 
third or fourth weighing. After some experiments in drying in an 
atmosphere of hydrogen, it was decided to adopt an arbitrary method 
mentioned in one of the Bulletins of the Agricultural Department 

The sample was weighed between watch-glasses, the cover and clip 
were removed and left in the desiccator, while the flour was put in the 
hot closet for two hours, then taken out, covered, and cooled in the 
desiccator for fifteen minutes, weighed, the cover removed, and put 
back for half an hour. This process was repeated until a constant 
weight was obtained or the flour showed signs of oxidation. With 
this conventional method good agreeing results were obtained. 

Moisture in St. Louis Wheat and Products of Milling. 

Per cent. 

Whole Wheat 12.85 

Extra Fancy 12 51 

Royal Patent 1337 

Low Grade 11.94 

Middlings 11.21 

Bran 1215 

Moisture in Minnesota Wheat and Products of Milling. 

Per cent 

Whole Wheat 11.09 

Patent 12.29 

Bakers' 12 14 

Low Grade 11 47 

Shorts 11.27 

Bran 11.23 
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In the determination of phosphorus in wheat, there has often been 
doubt expressed whether the phosphorus found in the ash represents 
the total phosphorus in the wheat. The possibility of losing phos- 
phorus in the incineration naturally suggests itself, but no experiments 
have been made, as far as we know, to determine whether there was 
actually any loss under these conditions. 

A large number of phosphorus determinations were made on the 
same sample of flour, by treatment with nitric acid and by fusion with 
acid potassium sulphate. The results thus obtained were not found to 
be higher than when the ash of the flour was used, showing that there 
is no loss in the incineration. 

Following are the methods and results of this investigation. 

About 2 grams of the flour were heated in a covered beaker with 
nitric acid of 1.4 sp. gr. until the residue of the evaporation was white; 
this required many hours, and a large excess of nitric acid. This 
white residue, dissolved in nitfic acid, was precipitated by ammonium 
molybdate, and the solution of the yellow precipitate treated, as usual, 
by magnesia mixture. 

In the bisulphate process, 2 grams of the flour were intimately mixed 
with 50 grams of potassium bisulphate, in a large platinum crucible, 
and a layer of the bisulphate put on top of the mixture. On heating 
the crucible for about twenty minutes with a good Bunsen burner, the 
flour is completely burned, and a perfectly white mass remains. This 
is porous, and disintegrates and dissolves readily in water. To the 
watery solution was added, when boiling, 20 c.c. acetic acid 1.04 sp. gr., 
25 c.c. ammonia 0.96 sp. gr„ and 5 c.c. of a solution of ferric chloride 
containing about 10 milligrams of metallic iron to the cubic centimeter. 
The precipitate of basic ferric acetate containing all the phosphoric 
acid was filtered off (after settling), dissolved in nitric acid, and the 
phosphoric acid precipitated by molybdate solution. A blank analysis 
gave the phosphoric acid in the reagents used. 

The ash of the flour was obtained by igniting in a platinum dish 
in a muffle, or over a Bunsen burner. The ash was fused with a 
little sodium carbonate, the silica separated by evaporation with hydro- 
chloric acid, and the phosphoric acid precipitated directly by magnesia 
mixture, using a little nitric acid to keep up any iron or alumina that 
might be present. 

The results obtained by these processes on a sample of "pastry" 
flour, source unknown, were as follows: — 
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The following tables give in a condensed form the results of the 
analyses of the two samples of wheat, and the products derived from 
them, and a balance sheet deduced therefrom. 



St. Louis Winter Wheat. 



Minnesota Spring Wheat. 





Water. 




Nitrogen. 
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Phosphorus. 


Nitrogen. 




Per cent 


Per cent 
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Per cent 


Per cent 


Per cent. 


Whole Wheat 


12.85 


0262 


1.87 


Whole 


11.09 


0230 


224 


Royal Patent 


13.37 


0.051 


U9 


Patent 


12.29 


ao50 


210 


Extra Fancy 


12.51 


0100 


178 


Bakers' 


12.14 


0.091 


2.40 


Low Grade 


11.9+ 


0100 


208 


Low Grade 


11.47 


0.192 


259 


Middlings 


1121 


0.225 


2 73 


Shorts 


1127 


0.560 


2.78 


Bran 


* 12.15 


0.828 


2.62 


Bran 


11.23 


0.830 


2.55 



BALANCE SHEET. 
St. Louis Winter Wheat. 





Pounds. 


Pounds of Phosphorus. 




Wholewheat . . 


.... 


100 


.... 


.262 


.... 


187 


Royal Patent . . . 


22.72 




00116 


... a 


a3158 


• . . . 


Extra Fancy . . . 


39 76 




00397 


• . • • 


0.7077 


. • . • 


Low Grade . . . 


852 




o.ooas 


.... 


01772 


.... 


Middlings .... 


3.26 




0.0073 


.... 


0.0889 


.... 


Bran 


24.47 




0.2066 


• • . . 


0.6411 


.... 


Total . . 


.... 


9a73 


.... 


.273 


.... 


193 


In the three grades 
of Flour. . . . 






Per cent of 
toul Phoeph. 

22.2 




Per cent of 
toul Nitrog. 

62.2 




Middlings and Bran 


.... 


.... 


77.8 


.... 


37.8 


. a • • 
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ElUn H. Richards and Lottie A. Bragg. 
Minnesota Spring Wheat. 





Pounds. 


Pounds of Phosphorus. 


Pounds of Niupgen. 


Wholewheat . . 


.... 


100 


.... 


.230 


.... 


2.24 


Patent 


51.50 




00257 


.... 


1.0815 




Bakers'. '. . . . 


17.50 




aoi59 


.... 


0.4200 




Low Grade . . . 


3 50 




0.0070 


.... 


a0906 




Shorts 


11.00 




00616 


.... 


0.3058 




Bran 


15.50 




ai286 


.... 


03952 




Total . . 


.... 


99 


.... 


238 


.... 


229 


In the three grades 
of Flour. . . . 






Per cent of 
20.4 




Per cent of 
total Nitrog. 

69.5 




Shorts and Bran 


.... 


.... 


796 


.... 


30.5 





This balance sheet defines the position of fine white flour very 
clearly. It shows that hard spring wheat gives a flour rich in nitrogen, 
69.5 per cent of the total being saved in the three grades of flour. 
Winter wheat does not show quite as well: not only is there more 
bran, but it is richer in nitrogen. Nevertheless 62.2 per cent of the 
total nitrogen is saved. There is, therefore, no need to eat whole 
wheat bread in order to obtain a food rich in nitrogen. 

Quite another story is told by a study of the proportion of phos- 
phorus. The two varieties of wheat more nearly approach each 
other, but the spring wheat loses 79.6 per cent, and the winter wheat 
77.8 per cent of its total phosphorus. Here then, is the bone of con- 
tention. The fine white flour is sadly deficient in phosphorus, but is 
the phosphorus which is contained in the bran available for human 
food? According to the latest experiments of Professors Voit and 
Riibner in Munich, it would seem that not only is the bran quite indi- 
gestible, but that by its irritating action it causes a loss of both nitrogen 
and carbo-hydrates which would be available in its absence. 

It would seem, therefore, fair to conclude that the bread made from 
fine flour which is most tempting to eyes and palate may, after all, be the 
one best adapted to the needs and conditions of the human system. 
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THE LILY DISEASE IN BERMUDA} 

BY ALEXANDER L? KEAN, 

In the winter of 1888, through the kindness of General Russell 
Hastings of Hamilton, Bermuda, I had the opportunity of investigating 
a disease, epidemic in the lily fields there from March to July. Dis- 
eased specimens had previously been shown to several naturalists 
who had visited Bermuda, and a few of the same had been sent to 
the United States for examination. None of those who saw these 
specimens were able, upon a merely cursory examination, to identify 
the disease ; so that the subject still remained open for investigation. 

Towards the end of February I sailed for Bermuda, in order to ob- 
serve personally the phenomena attendant upon the first stages of 
the disease, which usually begins early in March. A few words on 
the cultivation of the lily in Bermuda and upon the history of the 
disease may not be out of place. 

The industry is a comparatively new, but prosperous one, being 
only a few years old. The lily cultivated is the so called Lilium 
Harrisii, a dwarf variety of Lilium longiflorum. This variety has 
been propagated from year to year by bulb scales and by a few 
plants raised yearly from seed. The latter are always more vigorous 
than those raised from bulb scales ; they tend, however, to return to 
the original longiflorum type. The bulbs, planted in the early au- 
tumn, grow throughout the winter months and flower in the spring. 
They are taken up again early in the summer, and shipped to the 
United States, where a good market is also found for the flowers in 
the spring months. The lilies are planted in rows, in small fields; 
these fields are surrounded by high oleander hedges, which serve to 
protect the plants from the wind. 

So far as I know, the lily disease was first noticed about 1885, 
since which time it has yearly become more serious, until at present 
it threatens to do serious damage to the lily crop. It makes its ap- 
pearance in the spring, when the days begin to grow warm. The 
marked difference in the temperature between day and night results 
in a heavy fall of dew, so that even after the sun is high in the 
heavens large dew-drops may be found upon the lily leaves. A little 

1 Reprinted from the Botanical Gazette, January, iSga 
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cool weather, or a few warm, dry days free from dew, will check the 
activity of the disease, while a warm, damp day will cause it to spread 
with great rapidity. The disease first appears as a minute orange- 
colored spot upon a leaf or flower, usually on the upper side of the 
leaf. Figure I {d) shows an early stage. The spot gradually increases 
in size, and finally spreads throughout the whole leaf. In this way 
whole plants may be killed, and only the stalks left standing. It is 
not unusual to find several of these spots on the same leaf, as in Fig- 
ure I, If, for any reason, the progress of the disease is checked, these 
become dry, leathery patches of a buff color. 

It was thought possible, by some of those who had seen the dis- 
eased specimens, that the spots might be due to the stings of insects. 
Though at first this did not seem unlikely, a closer acquaintance with 
the disease rendered it highly improbable. 

Sections of the spots examined under the microscope revealed 
nothing more than that in the diseased area the structure of the leaf 
had collapsed; while along the edges of the spot the cells were 
somewhat swollen and the cell walls thickened. The cell contents 
were slightly shrunken, and contained a number of bright dots, which 
did not stain with the ordinary reagents. In a few cases where speci- 
mens were teased, an occasional hypha of a fungus was found, which, 
however, might easily have come from external contamination. In 
a slightly more advanced stage of the disease, hyphae of a fungus 
might be found ramifying through the soft decaying tissues, the 
gonidiophores appearing on the surface (Fig. 2). 

This fungus invariably appears in advanced stages of the disease; 
moreover, it is always the first to appear. Other fungi, such as Ma- 
crosporium, Eurotium, and Penicillium, also appear on the decaying 
leaves, but this fungus invariably precedes all others. At the same 
time, as it could never be found until the tissue had become pretty 
thoroughly rotten, it seemed at first sight to be rather a consequence 
than a cause of the disease. 

Early in April I was obliged to return to the United States, and 
for a time my investigations were interrupted, to be resumed again in 
the summer, when I had specimens forwarded to me from Bermuda. 
It had seemed possible that the disease might be due to bacteria, on 
account of its peculiarly rapid growth and its ^susceptibility to climatic 
conditions, as well as for other reasons. Accordingly a series of cul- 
tures in nutrient gelatine and agar-agar was begun. By this method 
two distinct species of bacteria were isolated from the spots, either 
of which might have been the cause of the disease. 
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Inoculations were attempted, both in the laboratory and in the 
garden, all of which failed to produce the disease ; but as the American 
climate is dry, and therefore unfavorable, it was thought that the 
bacteria had not been given a sufficient trial, and so it was decided 
to let the whole matter lie over until the next winter, when inoculation 
experiments could be made in Bermuda. 

Shortly before visiting Bermuda for the second time, my attention 
was again directed to the fungus as a cause of the disease by the 
appearance of Professor Marshall Ward's description of a similar dis- 
ease caused by a fungus growing upon the Lilium candidum in Eng« 
land. Upon my arrival in Bermuda, in February, 1889, I renewed my 
efforts at inoculation with bacteria, but in every case without success. 
I also placed a number of plants in glass jars which contained fluid 
cultures, to see if by any chance the action of bacteria upon the bulb 
might not have something to do with the epidemic. These plants, 
however, remained remarkably healthy, as did also a number of 
plants from which I removed the bulbs, placing the stalks in fluid 
cultures, so that the bacteria had direct access to the tissues of the 
plants. The weather was extremely unfavorable, so that, although I 
saw numerous small spots, I met with none large enough to show 
gonidiophores of the fungus. I was therefore unable to complete my 
experiments satisfactorily in Bermuda, as I could not even get a cul- 
ture of the fungus as a starting point. Since my return, however, I 
have had specimens sent to me and have been able to carry on a series 
of experiments in the laboratory, by means of which I have at length 
ascertained definitely the cause of the disease. Meanwhile I have 
repeatedly tried to inoculate plants in the laboratory with bacteria, 
all of which attempts have been signal failures, as have been, likewise, 
all attempts to produce the disease by fungus spores sown in a drop 
of Irish moss which had been placed upon a leaf. In the latter case 
it was found impossible, without resort to artificial means, to keep 
the air of the room moist enough to prevent the drop of Irish moss from 
drying up soon after it was put upon the leaf. I readily succeeded, 
however, in getting numerous Irish moss cultures of the fungus, and 
I have also grown it in water, both ordinary and sterilized, and in 
hanging drops as well as in drops merely placed upon a slide. 

In my next experiments, leaves freshly picked from the plant were 
used and kept fresh in a beaker of water, which was placed under a 
bell glass where there was a second beaker of steaming water, which 
was occasionally renewed so that the atmosphere was kept warm and 
moist, thus making the conditions highly favorable. Bacteriological 
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experiments under these conditions failed as had all previous experi- 
ments. On the other hand, experiments with the fungus were entirely 
successful. If a drop of Irish moss placed on the surface of a leaf 
is inoculated with spores of the fungus mentioned above, a disease 
spot will appear in about two days, unless in some way the drop has 
dried up, or been otherwise disturbed. If the drop has simply dried 
up, it is only necessary to moisten it again and the spot will soon 
appear. About the third or fourth day the gonidiophores appear 
and soon bear compact bunches of gonidia, the whole forming a 
downy growth on both sides of the leaf. It makes no difference 
whether the original spores are sown in a drop on the upper or the 
under side of the leaf In either case the disease is produced. I have 
substituted drops of water for the Irish moss as a culture medium with 
equal success, and, to exclude contamination, drops of sterilized water 
were used, with which I also obtained excellent results. 

To prove beyond all doubt that the fungus is the cause of the 
disease, the following experiment was made. Into a tube of sterilized 
nutrient gelatine some fungus spores were introduced on the tip of 
a sterilized needle. The contents of the tube were then "plated" 
according to Koch's method. The fungus grows luxuriantly in this 
medium, and can thus be obtained free from bacteria or other fungi. 
Spores are less quickly produced on the rich gelatine than on the 
comparatively poor Irish moss. Inoculations made with spores from 
a pure culture of this kind readily produced the characteristic spots, 
while blank control experiments showed nothing whatever. 

The fungus appeared to me to be identical with the Botrytis re- 
cently described by Professor Marshall Ward^ as growing upon the 
Lilium candidum in England, and from a specimen sent to him Profes- 
sor Ward has identified it as the same. So far as I know, the Lilium 
candidum is exempt from the disease in Bermuda, but this species is 
only occasionally grown there, and then with only a few together. 
Under similar circumstances the longiflorum also is generally exempt, 
the plants in the fields alone suffering. The true longiflorum is not 
considered to be as susceptible to the disease as the Harrisii. Since 
Professor Ward has described the Botrytis and its method of gfrowth 
in so complete a manner, it would be superfluous for me to enter 
upon a detailed description of it. I shall, therefore, give but a brief 
summary of the main facts in its life history, as I have observed 
them. 

* A Lily Disease, by H. Marshall Ward, M. A.. F. R. S., F. L. S. Annals of Botany, 
Vol. II. No. 7, November, 1888. 



Digitized by 



Google 



The Lily Disease in Bermuda* 257 

The gonidia are ovoid in shape, about 0.02 mm. long and about 
0.015 mm. broad. They are at first colorless, but when mature are 
light brown, the whole gonidiophore passing through the same change 
of color. The gonidia are attached to the gonidiophores by means 
of slender sterigmata. These sterigmata are frequently found still 
adhering to the spore after it is entirely separated from the gonidio- 
phore upon which it grew. While the normal shape of the spore is 
ovoid, spores are often found of different shapes, as those depicted 
in Figure 7. These forms, however, seem to belong to the period of 
germination, being simply conditions which the gonidia assume in the 
process of swelling. The spores are almost always ovoid, although 
in some old bunches they may sometimes be elongated, and even 
divided by a partition. In germination, the gonidium swells, the pro- 
toplasm becoming quite dense. Soon after, the wall begins to bulge 
out in several places, from which hyphae are eventually protruded. 
One of these is generally more vigorous than the others, and grows 
much more rapidly, producing a complicated mycelium, while the 
other hyphae are scarcely more than buds. The protoplasm of the 
rapidly growing tips of the hyphae is quite dense, while that in the older 
hyphae is clear and much vacuolated. Two remarkable features of 
the mycelium described by Professor Ward I have also observed. 
These are, first, organs of attachment, consisting of thick cone-shaped 
tufts (Fig. s), developed upon the hyphae when they come in contact 
with any foreign body which they are not able to penetrate. The 
second peculiarity is the development of cross branches between con- 
tiguous hyphae, thus forming a network in the mycelium (Fig. 6). The 
gonidiophores are, on the leaves, as a rule, about one millimeter in 
height. When they reach this height, their tips begin to swell and 
numerous small peg-like processes appear upon the heads thus formed. 
These are the sterigmata, and on each of these a gonidium is formed 
(Fig. 3). There are seldom fewer than four gonidia in a head and 
they usually bear a much larger number. With perhaps thirty of these 
heads to the square millimeter, which is about the average number on 
an ordinary diseased leaf, it is not strange that, under favorable con- 
ditions, the disease should spread from leaf to leaf and from plant to 
plant with surprising rapidity. If the growth of the fungus is un- 
checked, the erect hyphae may bud out just below the gonidiophores, 
and, after growing a short distance, produce another bunch of gonidia, 
and so on, thus forming a series such as is shown in Figure 4. 

In this disease the fungus does not grow in the sound tissues of the 
host, extracting nourishment from them, but the spores, germinating 
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upon the surface of the leaf, in some way macerate it. According to 
Professor Ward, this is done by means of a ferment secreted by the 
tips of the hyphae. I have not as yet been able to experiment upon 
this ferment ; but I have seen nothing to invalidate his view. The cell 
walls having been softened, the hyphae pass through them, ramifying 
amongst the decaying tissues of the leaf. 

The principal conclusions arrived ^t in this paper are the following: — 

1. A disease, hitherto unexplained, and threatening to become a 
serious epidemic in the lily fields of Bermuda, has been assigned to a 
definite cause. 

2. There is no evidence that the blight is due to the stings of insects, 

3. There is no evidence that the disease is caused by bacteria. 

4. There is strong evidence that the disease is caused by a fungus, 
growing upon and within the leaves or flowers. 

5. The fungus which causes the Bermuda lily disease is identical 
with the Botrytis recently described as the cause of a similar disease 
in England. 

In making the investigation just described, it was hoped, not only 
to discover the cause of the disease, but also to suggest remedial 
measures. In this connection I may remark that the fungus itself 
seems to be delicate, so that its growth might probably be checked by 
almost any of the poisons used in the treatment of plant diseases, were 
it not for the difficulty of applying these effectively. Either a powder 
sprinkled on the leaves, or a liquid sprayed upon them, would here be 
ineffective, for the moisture would soon remove them, leaving the 
fungus free to grow. If, however, the fungus were present at the time 
of the application of the remedy, that part of it growing outside of the 
leaf might be killed, although that would not prevent the mycelium 
within the leaf from continuing to grow. 

I have, however, observed that plants growing under the shelter of 
the oleander hedges are remarkably exempt from the disease. This 
I attributed at first to the drippings from the leaves, which I thought 
might partake of the acrid character of the sap of the oleander. I am 
inclined to believe, however, that it is rather because the lilies under 
the hedges are remarkably free from moisture. In fact, the overhang- 
ing hedge collects most of the dew, so that the dew-drops do not 
readily gather upon the leaves of the lily plants, and thus, perhaps, no 
opportunity is given for the growth of the fungus. 
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It might, therefore, be found feasible to grow, in alternate rows 
with the lilies, some other crop which, being higher and having more 
spreading foliage, should keep off the dew. A row of stakes with 
branches wattled among them might serve the same purpose and 
check the virulence, even if it did not entirely prevent the recurrence, 
of the disease. 

Biological Laboratory, 

Mass. Institute of Technology. 



Explanation op Plate. —Fig. i. Upper side of a leaf, with two spots upon it, show- 
ing different stages of the disease; (a) an early, and (b) a more advanced stage. — Fig. z, A 
section through a diseased spot when the disease is far advanced. The hyphae occupy all 
the tissue in the diseased area. — Fig. 3. A gonidiophore with its gonidia, showing the sterig- 
mata and the attachment of the gonidia. — Fig. 4. A series of bunches of gonidia on an old 
gonidiophore. — Fig. 5. An organ of attachment. (After Marshall Ward.) — Fig. 6. Part of 
a mycelium showing cross branches. — Fig. 7. Gonidia; (a) an ordinary gonidium ; (b) and 
{c) forms frequently assumed by gonidia shortly before germination. — Fig. 8. A sprouting 
gonidium. 
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THE DRY ASSAY OF TIN ORES.^ 

PART IL 

BY HEINRICH O. HOFMAN, Assistant Professor op Mining and Metallurgy. 

C/ass A (^). 

This class embraces the bronze assay of Winkler, and the different 
iron assays. 

4. Winkler's method* is as follows: 5 grams of ore are mixed 
with 5 grams of cupric oxide and charged in a clay crucible ; on top 
are placed 15 grams of black flux with 1.25 grams of borax glass, then 
a salt cover, and finally a large piece of charcoal. The crucible is 
heated in a muffle or a pot-furnace, after boiling has ceased, for three 
quarters of an hour to an hour at a bright red heat, finishing the 
assay at almost a white heat. The result is a white, brittle, tin-copper 
alloy. With every tin assay, an assay of 5 grams of cupric oxide with 
the same charge is made, and the weight of the resulting button of 
copper, subtracted from the bronze button, gives the weight of the 
tin contained in the ore. 

This assay is really a modification of the German method. Its 
advantage is that no prills of tin (or, rather, particles of bronze) are 
found suspended in the slag. All the metallic oxides that have been 
reduced are found collected in one button. It is claimed that more 
tin is recovered by this method than by the regular German method, 
and that the buttons do not differ more than from 0.4 to 0.5 per cent. 
If this could be substantiated, the method would be a serious rival 
to the cyanide assay. 

In the experiments carried out the directions given above were 
closely followed, only the black flux substitute (2 potassium carbonate 
and I flour) was used, as in the regular German method, instead of 
the black flux proper. 

The charges were readily fusible, liquid, and showed a smooth 
surface when cool. The crucibles were not attacked, and no particles 
of bronze were discernible in the slags. As in the German assay, the 

1 Continued from Vol. III. No. 2, May, 1890. 

* Berg- and Hiittenmannische Zeitung, 1864, p. 17; also Kerl, op. cit^ p. 483, and Balling, 
Die Probirkunde, p. 391. 
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upper salt slag and the lower borax slag have to be distingnished. 
The salt slag separates readily from the lower slag, has a crystalline 
structure, is brittle, has a pearly lustre, and is opaque. In the centre 
of every salt slag is a small cavity, into which white, fern-like crystals 
protrude. The white base of the crystals is encircled by a green- 
tinged shell, and this by the bulk of the slag, which is of a lighter 
purple color than that of the German assay. The reason is probably 
that less carbon is present in the charge, no charcoal having been 
added. The vitreous borax slag is hard, opaque, and greenish black. 
The oval bronze button is smooth, crystalline, brittle, white, and the 
more rounded copper button has thread-like lines of crystals on the 
surface, and is of a beautiful rose-color. Both separate well from 
their slags. 

Table XVIII. 



No. ol Assay. 


Resolting BroDxe. 


Resulting Copptr. 


Resalting Tin. 




Grams. 


Grams 


Gmns- 


Percent 


95 


7.200 


3.825 


3.375 


67.50 


96 


7.170 


3.805 


3.365 


6730 


97 


7.110 


3.785 


3325 


66.50 


98 


7.105 


3.785 


3J20 


66.40 


99 


7.040 


3.820 


3.220 


64.40 


100 


7.020 


3.770 


3.250 


65.00 


101 


7.000 


3.770 


3.230 


64.60 


Average 


7.092 


3.794 


3.298 


65.96 


102 


7.185 


3.920 


3.265 


6530 


103 


7.140 


3.920 


3.220 


64.40 


Average 


7.162 


3.920 


2.2425 


64.85 



Table XVIII. shows that too much has been claimed for this 
method, both as to outptit of tin and accuracy of results. The total 
average, Nos. 95 to 10 1 (65.96 per cent tin), is 1.88 per cent too 
low, and while in some cases excellent results are obtained (Nos. 95 



Digitized by 



Google 



The Dry Assay of Tin Ores. 



263 



and 96), in others, under the same conditions, an assay can be 3.24 
per cent too low. It was thought that perhaps, by increasing the 
amount of reducing agent, better results could be obtained. Thus, 
I gram of charcoal was mixed with the 5 grams of ore and 5 grams 
of cupric oxide, and then the usual charge given. The results (Nos. 
102 and 103) show only an increase of weight in the copper recovered. 
Chalk-lined crucibles were tried, as in the German method. But, 
while no essential particular could be observed in which the assay 
differed from that in the naked crucible, the results given in Table 
XIX. show that the discrepancy in the resulting weights of tin is 
enormous, while the output of copper is higher, and very even. 

Table XIX. 



No. of Assay 


Resulting Bronxe. 


Resulting Copper. 


Resulting Tin. 




Grams. 


Grams. 


Grams. 


Per cent 


104 


6850 


3^15 


3035 


60.70 


105 


6.660 


3.815 


2845 


56.90 


106 


6.760 


3^10 


2.950 


59^ 


107 


6.250 


3.810 


2.440 


4a80 



As a modification, therefore, the chalk-lined crucible must here 
also be left out of consideration. 

The reason that the results with the Winkler method vary so much 
is that the presence of copper adds a new difficulty to the assay. 
This can be seen from the tabulated results obtained in reducing 
cupric oxide for the tin assays carried out above. 

In all the assays, precipitated, chemically pure cupric oxide was 
. used. If reduced completely, 5 grams of cupric oxide ought to give 
3.993 grams of copper. In the naked crucible we obtain as an 
average 3.801 grams, and a discrepancy of 0.055 gram between the 
highest and lowest results, which, if expressed in percentage, gives 
I.I per cent difference. In the chalk-lined crucible there is a better 
output in copper; if extra reducing agents be added a still better 
result is obtained, even in the naked crucible, but not a correspond- 
ingly better reduction of stannic oxide. It would seem, therefore, 
that the amount of tin reduced will vary according to the amount of 
copper carried off in the slag. 
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Table XX. 



Grams of Copper 

iMQlting in Naked 

Crucible with 

Reguisr Cbsrge* 


Grams of Copper 
resulting in Naked 

Crucible with 
Regular Charge and 
one Gnun CharooaL 


Grams of Copper 
resulting in Chalk- 
lined Crucible with 

R«guhir Chaige. 


3.825 
3.820 
• 3.805 
3785 
3770 


3.920 

• • • • 

• • • • 

• • • • 

• • • • 


3.815 
3.810 


Aver. 3.801 


3920 


3.8125 



In the assays with potassium cyanide it was seen that the presence 
of sulphates had a very bad effect on the result. As copper has a 
very great affinity for sulphur, the results of this bronze assay may 
also have been influenced by it. Several assays were made, omitting 
the salt and increasing the amount of potassium carbonate. The 
weight of the copper buttons was slightly higher, e. g. 3.850 grams; 
but the reduction of the tin was very imperfect, as it did not all 
alloy with the copper and collect in one button of bronze; prills of 
bright, malleable tin were found in the slag, showing that, to obtain 
a slag of sufficient fluidity for all reduced metal to collect in one 
button, the addition of salt is necessary. By reference to the German 
assay it will be seen that the presence of salt containing sulphates 
does not produce the same bad effect on tin as in the cyanide assay. 

The Winkler method is given in a modified way by Ricketts : * ore, 
ID grams; cupric oxide, 10 grams; black flux substitute, 30 grams; 
argol, 2 grams ; borax glass, S grams, — are well mixed, charged in a 
chalk-lined crucible, a salt cover and charcoal are added, and the 
charge heated gradually to a white heat for an hour. He advises 
separating tin and copper in the wet way. In this modified method 
it will be seen that an additional reducing agent, argol, has been 
added, and that flux and ore are intimately mixed. Winkler makes 
a point of not mixing ore and flux, as he wishes to avoid the strong 

1 Notes on Assaying, 1886, p. 89; qooting from Mitchell, Manual of Assaying, p. 41 x 
(probably fourth edition, as it has been omitted in the fifth edition of 1881}. 
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boiling of the charge, whereby particles of alloy might adhere to the 
sides of the crucible and escape being collected in the button. 

Three bronze assays were carried out and one copper assay, giving 
the following results. 

Table XXI. 



No. of Away. 




Retulting Copper. 


Resolting Tim 


106 
109 
110 


Grams. 
13.685 

13.660 

13.630 


Gr«at. 
7.360 

7.360 

7J60 


Grams. 
6325 

6300 

6.270 


Percent 
63.25 

63.00 

62.70 


Average 


13.658 


7J60 


6298 


62.98 



They show no advantage over Winkler's original method. Less 
tin is recovered and more copper is scorified, and a treatment of 
the alloy in the wet way would be apparently a loss of time. 

5. Iron Assays. — Two sets of assays were made, the one recom- 
mended by Ricketts,^ for tin ores containing silica only, the other 
by Mitchell,* for ores containing silica and for tin slags. 

The method is based on the fact discovered by Berthier,^ and 
already alluded to, namely, that iron completely precipitates tin from 
its combination with silica as metal, if added in sufficient quantity; 
if not, the stannic oxide is reduced only to stannous oxide, the iron 
itself being at the same time oxidized to ferrous oxide. Any excess 
of iron will alloy with the resulting metallic tin. 

(i.) Ricketts gives the formula: ore, 10 grams; hematite, 3 to 8 
grams ; potassium cyanide, 40 grams ; and says : " Mix and charge 
in a charcoal-lined crucible, cover with cyanide, and then with char- 
coal, lute and heat strongly from one half to one hour, remove, tap 
carefully, cool, and break. If the tin be in small buttons, collect by 
washing with water to separate the charcoal, dry, and weigh. Treat 
the button as an alloy of tin and iron." 

The result of the experiment was a porous, grayish-black slag, 
through which small buttons of alloy were finely disseminated, and 

^ Notes on Assaying, 1886, p. 89. 

* Manual of Assaying, 1881, p. 483. 

* Traite des Essais, 1847, Vol II pp. 459, 460, 484. 
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in the bottom of the crucible a button. Button and larger prills were 
picked out, the crucible lining crushed, the pulp screened, the scales 
and the siftings obtained from panning the pulp weighed with but- 
ton and larger prills. The weights of the alloys were 8.355 ^md 8.320 
grams, which shows a close agreement, if the amount of iron is the 
same in both cases. This assay was not further pursued, as there 
are more simple methods for obtaining accurate results. The silica 
of ores ** containing silica only " can be treated in a much more 
simple way. It can be removed by washing, and the pure black 
tin assayed with potassium cyanide, or, if too great a loss of cassiterite 
is feared, the silica can be removed by hydrofluoric acid, and the 
resulting pure black tin then assayed. This method of assay has 
therefore little value for the assayer, except that it substantiates an 
interesting fact, namely, that iron carries down all the tin. 

(2.) Mitchell^ mixes 400 grains of ore with 200 grains of ferric 
oxide, 100 grains of fluorspar, and 100 grains of charcoal powder, 
charges the mixture in a covered crucible, keeps it at a dull red heat 
for half an hour, and then at a white heat for another half-hour. 

In the experiments the above quantities were reduced to a basis 
of ID grams of ore. These resulted in a hard, rough, bluish-black 
shell, with bronze-colored stains. The inside was filled with fine char- 
coal, no button or any prills being visible. Apparently the ore and 
the hematite had united to form a slag. The method was not further 
investigated. If tin slags are to be assayed, it is a simple matter 
to decompose the finely pulverized slag with sodium or potassium 
disulphate and then treat with acidulated water, when stannic oxide 
and silica will be left. The tin in this mixture can then be readily 
determined. 

(3.) One more experiment remains to be mentioned here, i. e. 
the fusing of black tin with potassium ferrocyanide and potassium 
cyanide. Bloxam^ states that by using this reagent all the tin can 
be obtained as an alloy. The idea that led to the experiments was, 
that, if a weighed amount of dried ferrocyanide were fused with the 
ore, the buttons obtained from a number of assays would all have the 
same weight. If all the iron set free by the decomposition of the fer- 
rocyanide alloyed with the tin, the percentage of tin could be readily 
calculated. 

In the experiments, 5 grams of ore were mixed with 5 grams of 
dried potassium ferrocyanide and 5 grams of potassium cyanide. For 

1 Manual of Assaying, 1881, p. 484. 

3 Journal of the Chemical Society, New Series, Vol. III., 1865. 
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the bottom of the crucible and for the cover 5 grams of potassium 
cyanide were reserved. The results of the experiments were negative. 
The alloy was partly disseminated through the lower gray slag, which 
was porous and tough, and had partly collected in a button. The 
weights of several s-gram assays did not agree within i gram, show- 
ing that all the iron of the ferrocyanide had not united with the tin, 
but that part had remained suspended in the lower slag. 

ClCLSS B. 

The second group of assays comprises the Cornish methods, which 
are only for determining the tin obtained by treating the ores on a 
large scale. That the results of such assays must be wrong is con- 
ceded. How closely they may agree when repeated in the same 
•way by the same person is not stated. 

6. Mitchell ^ and Ricketts * give the following method " for pure 
tin oxide": 400 grains (Mitchell) or 10 grams (Ricketts) are placed 
in a charcoal-lined crucible, to which a cover is luted. The crucible 
is heated gradually for twenty-five minutes, finishing the operation 
at a white heat. 

For the experiments, 25 grams of ore were treated as described. 
There resulted, in the bottom of the crucible, a dull button of tin, 
while on the walls and bottom were numberless bright prills of tin. 
Button and prills were free from iron. The charcoal lining was pul- 
verized and made to pass a 60-mesh sieve. The button, the scales 
on the sieve, and the sittings resulting from the pulp that had been 
panned were weighed together. The weights of two assays were : — 

18.120 grams = 72.5 per cent tin. 
16150 " = 64.6 " 

The chemical analysis shows only 67.84 per cent of tin. The reason 
for this strange result is to be sought in the panning of the fine pulp. 
When all the charcoal has been washed off there remains in the pan 
a heavy, black residue. It is almost impossible to see what part of 
this is fine tin and what heavy slag, as they scarcely differ in appear- 
ance. It is certain that with the result 72.5 per cent slag still re- 
mained with the tin, and it is not at all sure that it was all removed 
with the result 64.7 per cent Perhaps afler long acquaintance with 
uniform ores some approximately reliable estimates might be obtained, 
but as far as exact results go the method appears to the writer a very 
doubtful one. 

» Q^. ^, p. 48a « op. cU.^ p. 88. 
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7. Another method is given by MitchelP: 2 ounces of ore are 
mixed with a small quantity of culm and projected into a red-hot, 
naked crucible; some fluorspar is added if necessary, and after a 
quarter of an hour's fusion the tin is poured. The prills in the slag 
are recovered by pounding and vanning. 

In the experiments, 50 grams of ore were mixed with 12 grams of 
finely pulverized anthracite, shot into the red-hot crucible and heated 
for half an hour, a little fluorspar having been added. No fusion was 
apparent. The cnicible was removed, and broken when cold. It 
contained a black, porous, fritted mass, full of prills of tin, and on 
the bottom a button. The entire lower part of the crucible was 
crushed, screened, and panned, and all the recovered tin weighed 
together. The weights were: — 

34 10 grams = 68.20 per cent tin. 
27 38 " = 54.70 " 

The same difficulty as above in separating the heavy, black slag from 
the fine tin causes the irregularity. 

8. In connection with the Cornish methods it may be mentioned 
here that it has been the writer's custom, in melting out metallic tin 
from diflferent grades of black tin, to mix the black tin with 5 per 
cent of lime, 5 per cent of fluorspar, and 12 to 15 per cent of charcoal 
or anthracite, the latter requiring a higher temperature but giving 
cleaner slags. With pure concentrates obtained from ore occurring 
in quartz no special difficulties have been encountered, so that the 
entire contents of a plumbago crucible weighing about 10 pounds . 
can be readily poured. With impure concentrates the results of such 
fusions have always been somewhat pasty slags, and additions of lime 
or fluorspar were never of much avail. The only remedy has been to 
add salt, which makes the slags less pasty. The main point in all 
these fusions is always to have the crucible nearly filled. If the first 
charge has begun to fuse, a second one is added. Such a fusion 
takes from one to two hours. Unfortunately, no records have been 
kept of the amount of white tin contained in the black, which would 
give the amounts saved. 

In reviewing the preceding experiments, it is striking that so many 
different methods and modifications should still be recommended 
when a few simple ones are quite sufficient. The experiments made 
show clearly that there are only two methods giving entirely satisfac- 
tory results. These are the German method, as exemplified by assa)rs 

I Op. city pp 480 and 481. 
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Nos. I to 6, and the method of fusion with potassium cyanide, as from 
assays Nos. 35 to 38; or, still better, if sufficient material is available, 
Nos. 39 to 42. 

In the following investigations concerning the influence the different 
minerals associated with the black tin have on the results of these as- 
says, we shall see to which of the two methods the final preference is 
to be awarded. 

V. Influence of Associated Minerals on the Assay. 

The minerals that are liable to remain with the black tin after the ore 
has been washed, roasted, and treated with nitro-hydrochloric acid, are 
quartz, feldspar, mica, tourmaline, garnet, and columbite (tantalite). 
To test their influence, the minerals were ground fine enough to pass 
through a 60-mesh sieve, and any particles of iron coming from the 
implements used in grinding were removed by the magnet. The min- 
erals were mixed with the black tin in the different proportions showh 
in the subjoined tables, and the effects studied which they have on the 
two best methods of assay, — the German method and the method of 
fusing with potassium cyanide. The charges were so regulated that the 
flux in the German assay was always equal to three times the quantity 
of the ore plus the mineral, and in the cyanide assay to six times the 
quantity. Four part? of cyanide were mixed with the ore; one part 
served as bottom for the crucible and one part as cover. In the Ger- 
man assay, the amount of borax glass was increased in proportion to 
the percentage of mineral added and that of salt decreased. The fusions 
were made in the usual way ; the time for the cyanide assay had to be 
increased to not less than fifteen minutes before a tranquil fusion was 
obtained. 

(1.) The quartz used was the ordinary compact, colorless variety. . 

The amount of soft slag found on top of the borax slag decreased in 
proportion to the percentage of quartz added, showing that part of it 
had entered into combination with the borax slag. In assay No. 1 1 1 
it was J^ inch thick, in No. 115 only % inch. Its structure was not so 
coarsely crystalline as usual. It grew finer, and the brittle slag became 
harder with increase of silica ; the lustre remained the same ; the color 
varied from gray to bluish-black. The borax slags increased in quantity 
as quartz was added, their vitreous character being somewhat impaired 
by the silica, and also their brittleness ; the lustre remained uniform ; the 
usual olive-green color changed somewhat and became brownish. The 
buttons separated well from their slags, had the usual appearance; and 
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were free from iron. The results obtained in Nos. ill to 115 showed 
a gradual decrease in the amount of tin recovered. This is, however, 
less than has been generally supposed from the figures of Berthier, 
Nos. 116 to 120, which are usually quoted.^ Berthier,* as the writer 
understands it, mixes his siliceous ore with four times the amount of 
black flux. With the German method of charging, the black tin with 

Table XXII. 



1 











Chaise. 












No. of 
Anay. 
















Resulting rm. 


Ore. 


Quartx. 


Chaivoal. 


Bl. Flux 
Substitute. 


Borax 
Glass. 


Potass. 
Cyanide. 


Ill 


Grams. 
5 


Grama. 

1 


Percent. 
16.66 


Grams. 

1 


Grams. 
18 


Grams. 

1 


Grams. 


Giams. 
3.280 


Per cent. 
65.60 


112 


5 


2 


28.57 


1 


21 


1 




3.100 


62.00 


113 


5 


3 


37.50 


I 


24 


.... 




3.035 


6a70 


114 


5 


4 


44.44 


1 


27 


• . • ■ 




2.945 


58.90 


115 


5 


5 


50.00 


I 


30 


.... 




2.565 


51J0 


116 


1<> 


2.S 


20.00 


.... 


Bl. Flux. 

50 


• . • • 




5.2 


52.00 


117 


10 


6.6 


40.00 


.... 


66.4 


.... 




4J 


43.00 


118 


10 


10.0 


50.00 


.... 


80 


.... 




2.8 


28.00 


119 


10 


15.0 


60.00 


.... 


100 


• • • • 




1.0 


10X)0 


120 


10 


300 


75.00 


.... 


160 


.... 




0.0 


OOOO 


121 


5 


1 


16.66 


.... 


• *.. 


.... 


24 


3.285 


65.70 


122 


5 


2 


28.57 


.... 


.... 


• • . • 


28 


3.215 


64 JO 


123 


5 


3 


37.50 


.... 


.... 


.... 


32 


3.195 


6390 



67.84 per cent of tin mixed with 50 per cent of silica gave 51.30 per 
cent of metallic tin ; Berthier's black tin containing 70 per cent of tin, 
with the same addition of silica, but mixed with the flux, gave only 28 
per cent of tin or 24.8 per cent less than is charged as in the German 
method. This shows the disadvantage of mixing ore with basic flux. 

1 Mitchell, op. cit^ p. 483 ; Ricketts, ep, cit, p. 87. 
3 Traits des Essais, 1847, Vol. II. p. 485. 
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In the cyanide assays, Nos. 121 to 123, the slags showed uniformly 
a very coarsely crystalline structure, and had a strong lustre. They 
were as opaque as usual, and became harder with the increase of silica. 
In No. 121 only the upper rim was parrot-green. This spreads in No. 
122 so as to cover the entire surface; it is % inch thick at the circum- 
ference and ^ inch in the centre; in No. 123, the thickness is uni- 
formly J^ inch. The appearance of the buttons is the same as if no 
silica had been added. The results show a decrease in the amount of 
tin recovered, but the loss is not so great as with the German assay. 

(2.) The feldspar used was the compact albite that occurs so gen- 
erally in the tin lodes ; it has a very perfect cleavage, shows a pearly 
to a silky lustre, and is white with a tinge of gray. 

Table XXIII. 



No. 

of 

A«ay. 


Chaise. 










Ore. 


Albite. 


Char- 
cooL 


Bl. Flux 
Substitute. 


Borax 
Glaas. 


Potass. 
Cyanide. 


ReMiItmg Tin. 


Resulting Alloy. 




Grma. 


Grma. 


Percent. 


Gmu. 


Grams. 


Grans. 


Grama. 


Grams. 


PercenL 


Grams. 


Per cent. 


124 


5 


1 


16.66 


1 


18 


1 








3.475 


69.50 


125 


5 


2 


28.57 


1 


21 


1 








3.265 


65.20 


126 


5 


3 


37.50 


1 


24 


1.25 








3010 


60.20 


127 


5 


4 


44.44 


1 


27 


1.50 








2680 


53.60 


128 


5 


5 


50.00 


1 


30 


2 








3.615 


52.30 


129 


5 


1 


16.66 





• • • • 





24 


3.285 


65 70 


.... 


.... 


130 


5 


2 


28.57 


.... 


.... 


.... 


28 


3275 


65.50 


.... 


.... 


131 


5 


3 


37.50 


• • •• 


• • • . 


• • • • 


32 


3.265 


65.30 


.... 


.... 



Salt and borax slags of the German method, Nos. 124 to 128, are 
similar to those obtained when quartz was added to the ore. The but- 
tons, however, are surrounded by a slag that is more stony than the 
borax slag above, and almost black. It adheres strongly to the buttons, 
and is liable to retain particles of metal. All the buttons were dark and 
dull ; they were brittle, hard to cut, and contained iron, its presence 
being caused by the infusible character of the albite ; the reduction was 
prolonged and the ferric oxide of the cassiterite reduced before fusion 
took place, and alloyed with the metallic tin resulting from the more 
readily reducible stannic oxide. By examining the results, Nos. 124 to 
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VII. Conclusion. 

From this examination of the different methods of assaying tin ores 
in the dry way, it becomes apparent that, if ordinary precautions are 
taken, the necessary treatment, including the preliminary preparation 
of the ore, is a comparatively simple matter; neither is the influence 
of the associated minerals so great, at least with the cyanide assay, as 
is generally supposed. Lastly, the results obtained show that the dry 
assay of purified black tin gives more accurate results than that of 
any other base metal, if the few correct methods, none of them re- 
quiring special skill, are followed and ordinary care is given to the 
work. 
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THE CHANGES OF THE YEAR. 

By FRANCIS A. WALKER, President. 

The erection of the Engineering Building properly belongs to the 
history of 1889, although the delay in putting up the great engine 
actually brought that work by a few weeks within the present year. 
Naturally enough, there is as yet little to be added to the story of the 
material development of the Institute. After such an effort as was in- 
volved in the erection of the building of 1889, a school as poor as ours 
may well look forward to resting for a little while. What has since 
been done is mainly of the nature of changes in the old buildings con- 
sequent upon the departure of the civil and mechanical engineers to 
their new and grander abode. 

In the Rogers Building, Professor Richards has annexed to his domain 
all parts of the basement formerly occupied by Professor Lanza. These 
acquisitions nearly double the space devoted to mining and metallurgy, 
allowing not only a considerable extension of the assaying department, 
but also the equipment of an ample and safe blowpipe-room and the 
establishment of a small but pleasant library and reading-room. If the 
teachers and students of mining and metallurgy are not happy now, it 
will be useless to try to please them. Professor Richards retains the two 
rooms on the third floor hitherto occupied by him, the one as a lecture- 
room, the other as a model-room and museum. Another change,, not 
less welcome to others than to the miners, has been the removal of the 
80 horse-power Porter-Allen engine, which for seven years has kept 
pounding away in the basement, shaking the whole building and greatly 
disturbing the occupants of the first floor, at times rendering the 
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Society of Arts room almost unfit for lectures. Professor Richards now 
has his own separate small engine, of 15 horse-power, while the power 
required for ventilation and other purposes in the Clarendon Street 
building is furnished by another engine, of the same power, situated 
in that building itself. 

Another change, which will, it is hoped, bring both pleasure and 
advantage to the students of the Institute, has been wrought on the 
fourth floor of Rogers, by which the whole front of that story has been 
converted into a large, light reading-room for students in English, his- 
tory, and political science. For this purpose, (i) the old and most 
unsafe blowpipe-room, (2) Professor Schwamb's dark and gloomy 
model-room, and (3) the mathematical recitation-room on the southeast 
'corner of the building, were thrown into one ; book-cases and reading- 
desks were brought up from below or newly constructed ; the lighting 
and ventilating of the room were improved as far as possible; and the 
virtue of paint was tried to its utmost, with a very agreeable result 
The graduates of the past few years, who in their time were obliged to 
use the small, ill ventilated " English " reading-room in the third story, 
cannot fail to rejoice at learning under how much pleasanter conditions 
their successors in the school now read the reviews, look up the pro- 
fessors' references, or write out their notes. Professor Dewey has his 
own office in immediate connection with the new reading-room; the 
other teachers in this department keep their desks in rooms 31 and 33, 
on the floor below, using these at times for small classes. 

The first year mechanical drawing classes, under Professor Faunce, 
so long cooped up in the ** lantern " story, now occupy the large room 
(No. 43) on the Newbury Street side of the fourth floor. This room 
has desks for 199 students working at a time, while the lockers and 
drawers provided give accommodation for 102 more. Here, also, are 
found chairs and reading-tables for thirty to fifty students of the first 
year, in the intervals between recitations and lectures. The room left 
vacant by this better provision for mechanical drawing has been taken 
up by the classes in freehand drawing, and has been greatly " spruced 
up " and liberally provided with special apparatus and appliances. 

On the main floor, the lecture-room (No. 15) so long known as the 
Society of Arts room has been invaded by a much needed extension of 
the Secretary's office, the remainder of the room being turned into a 
students' reading-room, with a small lobby for the librarian and his 
assistant. The rising floor and chairs of room 15 have been carried 
across the hall- way into room 11, which has been fitted up in all 
respects like the old Society of Arts room, with the added advantage 
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of greatly improved ventilation, as all who attend the meetings of that 
Society will be glad to learn. 

I cannot leave " Rogers," even in this brief survey, without alluding 
to the wonderful change which two coats of paint and some carpenters* 
and glaziers' work have wrought in the aspect of the main hall and the 
grand stairways. It was only when the building was seen in its new 
dress that any one of us came to realize how greatly it had, for twenty 
years, been disfigured by stained and battered walls. It is much to be 
hoped that the students in their goings out and comings in will respect 
what has been done. 

In the Clarendon Street building there has been but little change. 
Both because the growing department of industrial chemistry required 
more space, and because the color-work done in that department re- 
quired more light than could possibly be obtained in the basement, 
room 31, at the southwest corner of the third floor, has been taken as 
a color-room, and fitted up with a large amount of special apparatus for 
dyeing and bleaching. 

Owing to the crowded condition of the organic laboratory, room 33 
has been fitted up especially for organic combustions. The students oc- 
cupying this room enjoy an almost inestimable privilege in the presence 
of Professor James M. Crafts, formerly Professor of Organic Chemistry 
in the Institute, who, upon the invitation of the Executive Committee, 
is there carrying forward some of the researches that have made his 
name so honorably known to chemists of both hemispheres. On the 
second floor, the architectural students have taken possession of the 
large drawing-room left vacant by the departure of the civil engineers; 
a door has been cut through from the architectural library ; and this 
department, with more than one hundred students, now enjoys a beau- 
tiful and commodious suite of rooms, in every way adapted to its 
always advancing work. 

Such have been the chief material changes in the Institute during 
the official year just closed. The changes in the personnel of the in- 
structing staff, although not numerous except through the enlargement 
of the number of assistants in the laboratories, have been important. 
Mr. George R. Carpenter, of Harvard University, has been appointed 
Associate Professor of English, and has entered upon his duties under 
the fairest auspices. Professor Carpenter is especially a student of Com- 
parative Literature ; but with us he undertakes the difficult and delicate 
duty of giving to the students of a school of industrial science that 
instruction and practice in the use of language and in the art of compo- 
sition which shall be most for their benefit, professionally and socially. 
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The problem is a difficult one by reason of the limited amount of time 
and strength which, in an institution of high scientific and technical 
aims, can fairly be devoted to this object; but Mr. Carpenter takes it 
up with a zealous interest which furnishes almost an assurance of suc- 
cess. His plan is to enter into such relations with the instructors in 
charge of the " professional " work of the school as will enable him 
intelligently to assign to each student themes having reference to his 
own studies, securing thus the great advantage of having the pupil 
write, simply, with direct intention, and out of a full mind, on subjects 
with which he is familiar and in which he is interested, instead of writ- 
ing vaguely, affectedly, and ambitiously about subjects of which he 
knows little, and for which perhaps he cares less. In the course of this 
work, lists will be made of students who display unusual aptitude and 
pleasure in composition ; and these will be offered an opportunity for 
advanced study and practice in this line, so far as they may find time to 
undertake it More important still, lists will be made of those students, 
beginning with the very first year, who from lack of natural aptitude 
for such studies, or from defects of training, are found to be at a special 
disadvantage in English composition ; and these students will be fol- 
lowed up with an unremitting but friendly importunity, to induce and 
enable them to correct their faults and supply their deficiencies on 
this side. 

Professor Carpenter is assisted by Mr. Fred P. Emery, who for the 
past year has done so much to keep up and carry forward the instruc- 
tion in English at the Institute, and who has shown a continual gain in 
power both as a scholar and as a teacher; and also by Mr. R. W. 
Herrick, of Harvard, a gentleman of high promise in literary work. 
The English Department thus becomes strongly officered, so that, with 
the admirable work now carried on by Professor Levermore in history, 
and by Professor Dewey in economics and statistics, the Institute of 
Technology becomes a place where the best instruction, with the use 
of the most enlightened methods and with adequate arrangements and 
appliances, will be given in these studies, which, if less important to the 
engineer or the chemist than to the lawyer or the writer for the press, 
cannot fail to be of great professional value to the former. 

After a year's absence, Professor Letang has returned to his duties in 
the department of Architecture, cordially welcomed by all his former 
students. Assistant Professor Porter has been appointed Associate 
Professor of Hydraulic Engineering. Dr. Tyler, who patriotically 
gave up last year to the service of the Institute as Secretary to 
the Faculty, has been appointed Assistant Professor of Mathematics 
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He has been succeeded as Secretary by Mr. J. B. Henck, Jr., of the 
class of 1876. 

Instructors Sondericker and Homer have been appointed Assistant 
Professors respectively of Applied Mechanics and Architecture. Doc- 
tors Gill, Talbot, and Noyes, returning from two years' study in Ger- 
many, have resumed their work of instruction in chemistry. Mr. 
Stanwood has been promoted to be Instructor in Civil Engineering. 
Mr. ColHer Cobb, of the Harvard class of 1889, has been appointed 
Instructor in Geology. 

It is a source of deep regret that Professor Holman has been com- 
pelled by the state of his health to relinquish his post for the whole of 
the academic year. Every past and present student of the Institute 
will join in the fervent wish that this accomplished scholar may return 
to his duties in 1 89 1, completely restored to health and soundness. 
Another valued member of the Faculty, Professor Schwamb, is at this 
time suffering the effects of overwork, and may be compelled for a time 
to give up teaching and seek relief in a milder climate. 

To the eleven distinct courses of instruction hitherto opened to the 
students of the Institute, one more has been added during the year, 
namely, that in Geology, to be known as Course XII. This was one of 
the departments in which our school was strongest at the beginning, as, 
indeed, might have been expected in an institution founded by Professor 
William Barton Rogers ; but the steady increase in the requirements of 
mining engineering and metallurgy has had the effect more and more 
to overshadow instruction in geology, until it has been thought best to 
reassert the importance of this study by constituting a separate course 
in which this shall be the leading feature. A goodly amount of chem- 
istry affords preparation for the geological work of this course, and in 
the later years topography takes a prominent place. The enriching 
and diversifying of the longer established courses has gone forward 
during the year, as occasion has arisen. 

In the Civil Engineering Department the extension of the work 
in hydraulics, for which the new building offers such exceptional 
facilities, has been emphasized by Mr. Porters appointment as Asso- 
ciate Professor of Hydraulic Engineering. A new option in Highway 
Engineering is to be instituted this year, with means derived from 
the liberal gift of Albert A. Pppe. The department of Mechanical 
Engineering will carry all its Senior options further than ever before ; 
while the instruction in Naval Architecture, begun in a modest way two 
years ago, will be largely developed under the charge of Professor Pea- 
body. Last year and year before last, a course on the Stability of Ves- 
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sels was given by Assistant Constructor Woodward, of the U. S. Navy. 
The present year we hope not only to have those lectures repeated, but 
to give the students taking this option a series of exercises in application 
of the principles taught, for which complete sets of the drawings and 
computations for the construction of vessels of the best modern types 
are now in preparation. 

The course in Mining Engineering and Metallurgy has been com- 
pletely recast with reference to the work of the current school year. 
The students of that course have their choice among four different 
lines of work. The first course prepares a student to take hold of work 
in line for promotion in any mining industry, — coal, iron, gold, silver, 
copper, or lead, — as a miner, a foreman, assistant manager, or manager 
of a mine. It fits him in geology, mining, milling, and in mechanical 
engineering adapted to mining. The second course prepares a student 
to take hold of work in line for promotion in a surveyor's office in a 
mining district, as assistant surveyor, as surveyor of mines, as consult- 
ing mining engineer, as mine superintendent. It fits him in geology, 
mining, milling, and in civil engineering adapted to mining, construc- 
tion of railroads, electric railroads, canals, roads, buildings, bridges, 
etc. The third course fits a student to take position in line for pro- 
motion in iron, lead, copper, zinc, gold, or silver works, as a hand, as 
foreman, assistant superintendent, or superintendent, or he may enter 
the works by the chemical laboratory. It fits him in analytical chem- 
istry, metallurgy, mathematics, and in mechanical engineering adapted 
to metallurgical machinery, blowing engines, rolling mills, etc. The 
fourth course fits a student to take position in line for promotion in 
iron, lead, copper, or zinc works, as assistant chemist, as chemist, as 
furnace manager, as superintendent. It fits him in analytical and the- 
oretical chemistry, in metallurgy, and in electrometallurgy. 

This year will see the first class of students graduate from the course 
in Chemical Engineering (X.), instituted in 1888. Eight young men 
of the fourth year class are candidates for the degree of the Institute 
in this course. It will not be until next year that we shall have our first 
class of students graduate in Sanitary Engineering (Course XI.). 

It is too early at this time to state the exact number of students in 
the Institute; much more, to offer the statistics of their distribution 
among classes, courses, etc., such as appear in the Annual Report of 
the President. There is a small increase in attendance over last year. 
An interesting fact is the presence of an unusual number of students 
from foreign lands, especially from Great Britain. 

November^ 1890. 
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LACTIC ACID AND LACTATES IN TEXTILE COLORING. 

By lewis M. NORTON, Associate Professor op Organic and Industrial 
Chemistry, and HERBERT C. TUTTLE. 

Suggestions have frequently been made regarding the use of lactic 
acid in textile coloring,^ but until very lately it has not been able to 
compete in price with tartaric and citric acids. Furthermore, the 
cheaper grades of acid have not been colorless nor free from impurities 
capable of working injury in coloring. It is only within a few months 
that an acid sufficiently pure ^ for use in coloring has been produced at 
a cost which will enable it to be obtained at a reasonable price. Its 
use has become practicable, and the experiments described below were 
designed to throw light upon its effect. The samples used in this in- 
vestigation contained about 43.5 per cent of lactic acid and were nearly 
colorless. The impurities present were sulphate of lime and a faint 
trace of iron. 

Use in Wool Dyeing. 

Our first experiments were made in regard to the use of acid lactate 
of potash in the place of tartar, and for this purpose the lactic acid 
solution was half neutralized with carbonate of potash. 

Samples of wool were mordanted with the following proportions : — 

Per cent. Per cent 

Bichromate of Potash . . . 2-5 Bichromate of Potash ... 2.5 

Tartar 2.5 Acid Lactate of Potash ... 2.5 

The samples were then dyed with alizarine. The sample mordanted 
with acid lactate gave a decidedly heavier shade of the same tint, in- 
dicating that more chrome was fixed upon the wool with the acid lac- 
tate than with the tartar. Samples were next mordanted as below, and 
dyed with alizarine : — 

Per cent. Per cent. 

Bichromate of Potash ... 2.5 Bichromate of Potash ... 2.5 
Oxalic Acid 1.0 Lactic Acid 1.0 

The sample mordanted with lactic acid was much deeper in shade, as 
in the first case. 

1 Avery, Phar. Jotirn., Aug. 5, 1882. See also Journ Soc. Chem. Ind., 1885, P- 'i^* 
« Waite, U. S. Patents 365,655 and 368,032, 1887. 



Digitized by 



Google 



288 Lewis M. Norton and Herbert C. Tuttle. 

Samples of wool were next mordanted with chrome and alum as 
below : — 

Per cent Per cent 

Bichromate of Potash .... 1 Bichromate of Potash .... 1 

Alum 10 Alum 10 

Oxalic Acid 1 Lactic Acid 1 

These were dyed with alizarine. The lactic acid gave a much 
deeper shade. It was, however, bluer than that furnished by oxalic 
acid, and perhaps less brilliant. 

The result obtained by substituting lactic acid for tartaric acid in 
mordanting with tin for alizarine, was very striking. The samples were 
mordanted as follows : — 

Per cent. Per cent 

Tin Crystals 10 Tin Crystals 10 

Tartar 10 Acid Lactate 10 

The color obtained with tartar was the well known reddish orange, 
while the lactate shade was a very brilliant yellowish-red of great 
beauty, such as it has hitherto been very difficult to produce upon wool 
with alizarine. It would appear that much more tin has been fixed in 
the case of the lactate. The effect of the lactate upon alum alone was 
next tried : — 

Per cent. Per cent. 

Alum 10 Alum 10 

Tartar 10 Lactate 10 

The samples were dyed in alizarine, and it was found that the color 
obtained with the lactate was very much bluer than that obtained with 
the tartar, and somewhat heavier. It was evident that in all cases the 
heavier shades obtained with lactic acid were probably due to the 
greater fixation of the base. To prove this, three baths were prepared 
with equal quantities of alumina present in them, and equal weights of 
tartar, acid oxalate of potash, and acid lactate of potash, and an equal 
weight of wool under exactly the same condition mordanted in each. 
The results were as follows : — 



Tartar. 


Add Oxalate. 


Acid Lactate. 


Per cent. 


Per cenU 


Percent. 


63.5 


71.8 


800 


36.5 


28.2 


20.0 



Alumina fixed 

Alumina remaining in the Bath . . 

A similar series of experiments were made, except that copperas was 
substituted for alum : — 

Tartar. Acid Oxalate. Add Lactate. 
Per cent. Pet cent. Per cent 

Iron fixed 4a4 475 60.2 

Iron remaining in the Bath .... 59.6 525 39.8 
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The samples were dyed with alizarine, and the results agreed with 
the figures furnished by the analysis, except that the difference in 
favor of the lactate mordant was somewhat greater than could have 
been caused by the fixation of the greater quantity of base. It appears 
that the presence of lactic acid exercises a favorable eifect upon the 
depth of shade produced by alizarine upon wool. 

The following mordanted samples were next prepared : — 





Per cent 




Per cent> 




Per cent 


Chrome Alum . 


. 30 


Chrome Alum , 


. 30 


Chrome Alum . 


. 30 


Tartaric Acid . 


. 15 


Oxalic Acid . . 


. 15 


Lactic Acid . . 


. 15 



The samples were then dyed with alizarine. The lactic acid gave 
much the heavier and brighter shade of buff, the oxalic acid the second 
best, and the tartaric acid the poorest 

The results obtained on wool with woods upon samples mordanted 
with lactates were much less favorable. We are unable to assign any 
reason for this, but numerous experiments usually furnished this result, 
even where the mordanted wool had been washed with the greatest 
care. Our first experiments were made with logwood; — 

Per cent Per cent 

Bichromate of Potash ... 2.5 Bichromate of Potash ... 2.5 
Tartar 2.5 Acid Lactate 2.5 

The samples were dyed with 20 per cent of logwood. The acid 
lactate did not furnish as bright or as heavy a blue as the tartar. An 
oxalic acid blue was tried as below : — 

Per cent Per cent 

Bichromate of Potash ... 25 Bichromate of Potash ... 2.5 
Oxalic Acid 10 Lactic Acid 1.0 

The lactic acid blue was heavier and better than the oxalic acid blue, 
and superior to that obtained with acid lactate. With bark liquor the 
result was unfavorable : — 

Per cent Per cent 
Sulphate of Alumina .... 4 Sulphate of Alumina .... 4 
Oxalic Acid 2 Lactic Acid 2 

The samples were then dyed with 10 per cent of bark liquor. The 
oxalic acid gave a clear greenish yellow, the lactic acid a dull reddish 
yellow. With tin crystals the result was similar: — 

Per cent Per cent 

Tin Crystals 10 Tin Crystals 10 

Tartar 5 Acid Lactate 5 
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These were dyed with lo per cent of bark liquor. The acid lactate 
gave results much inferior in tone to those given by the tartar. Fustic 
was next tried. The wool was mordanted, as below : — 

Per cent Per cent 

Tin Crystals 8 Tin Crystals 8 

Tartar 5 Acid Lactate ....... 5 

The wool was then dyed with lo per cent of extract of fustic. The 
tartar gives a more orange shade, while the lactate gives a clear yellow. 
Comparisons were made with camwood, as below : — 

Per cent* Per cent. 

Tin Crystals 8 Tin Crystals 8 

Tartar 30 Add Lactate 30 

The samples were then dyed with 30 per cent of camwood. The 
lactate gave the redder and lighter shade. 

Experiments were then made with cudbear in the proportions given 
below: — 

Per cent Per cent 

• Cudbear 40 Cudbear 40 

Tartaric Acid 2 Lactic Acid 2 

The shade obtained with lactic acid is decidedly bluer than that 
given by tartaric acid, and somewhat fuller. 

An experiment was made with logwood upon an alumina mordant, 
and sulphate of alumina, with tartar, acid oxalate of potash, and acid 
lactate of potash, used. 

Per cent Per cent Per cent 

Sulphate of Alumina 4 Sulphate of Alumina 4 Sulphate of Alumina 4 

Tartar 4 Acid Oxalate ... 4 Acid LacUte ... 4 

These samples were dyed with 30 per cent of logwood. It was ob- 
served that the color took much more rapidly upon the sample mor- 
danted with acid lactate, but the final result was decidedly in favor of 
the acid oxalate. The shade with the oxalate was deeper and clearer, 
while that produced with the lactate was much superior to that pro- 
duced with tartar, both in depth and shade. 



Use in Cotton Dyeing. 

The employment of the double lactate of antimony and potassium as 
a substitute for the soluble antimony salts at present in use in cotton 
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dyeing was, so far as we are aware, first proposed by C. N. Waite,^ 
several years s^o. The high price of the acid and the difficulty in 
preparing a satisfactory mordant have prevented its introduction. We 
prepared the double lactate of potassium and antimony by dissolving 
the oxide of antimony in a solution of acid lactate of potassium, and 
evaporating this solution to dryness. The oxide of antimony was pre- 
cipitated from a solution of oxymuriate by the addition of a large 
excess of water, the oxide carefully washed, and then added in excess 
to a solution of acid lactate of potassium, the excess removed by filtra- 
tion and the liquid evaporated. 

In all our . experiments the cotton was worked for one hour in a 
solution of 25 per cent of sumach and then treated with a solution 
containing 2 per cent of the double lactate, and a similar skein was 
prepared where the tannin was fixed with an equal quantity of tartar 
emetic. The two skeins were washed and dyed together in baths con- 
taining 4 per cent of color. Comparisons were also made in two cases 
with Haen's salt, the fluoride of antimony and sulphate of ammonia. 

Basic Coal-tar Colors. 

The following colors were tried : — Brilliant green, Bismarck brown, 
safranine, methyl violet R and 5 R, chrysoidine, methylene blue and 
magenta, While an experiment was also tried with congo corinth. These 
experiments showed that in general the fixing power of the double 
lactate was not so great for equal weights as that of tartar emetic, as the 
shades obtained with it were usually lighter. In the cases of methylene 
blue and safranine, however, a slight advantage in favor of the double 
lactate was found, while in the case of chrysoidine the result furnished 
by the double lactate is greatly inferior to those obtained with tartar 
emetic and Haen's salt. As far as clearness of shade is concerned, the 
double lactate is in no way inferior to tartar emetic ; in the case of 
safranine the shade obtained was yellower than with tartar emetic. 
With methyl violet the results furnished with the double lactate and 
Haen's salt were substantially identical, while with chrysoidine Haen's 
salt gave far better results, as mentioned above. 

Cotton Printing. 

In cotton printing lactic acid and its compounds can only find em- 
ployment as competitors with the more expensive organic acids, such 
as tartaric acid and citric acid. At the present time the price of lactic 

1 Journ. Soc. Chem. Ind. 1886, p. 483. 
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acid forbids its use in competition with acetic acid. It was possible, 
however, that lactic acid might in certain cases produce results much 
superior to those produced by acetic acid, and we have therefore used 
lactic acid in some cases where acetic acid is commonly employed. 
The number of processes in which lactic acid could be of value is 
naturally somewhat limited. 

Cochineal Pink. 

Although very little employed, experiments upon this color were first 
made, and the following receipt was used as a basis : — 

Cochineal Liquor 6° Tw 25.00 grams. 

Oxalic Acid , 0.25 " 

Alum 1.25 " 

Starch 32.00 " 

White Tartar 1.25 " 

Water 200.00 " 

A swatch was printed with this receipt, and a second swatch with the 
same receipt except that lactic acid was substituted for oxalic acid, and 
acid lactate of potash for white tartar. The swatches were steamed, 
after drying, at five pounds for thirty minutes, and then soaped. The 
lactic acid print was far superior in depth of shade and brilliancy to 
that produced with oxalic acid and tartar. If this color was much em- 
ployed, lactic acid could be used to great advantage in its production. 

White Discharge upon Turkey Red. 

In some of our experiments upon discharging alizarine red with lactic 
acid, commercial Turkey red was employed, and in part of the experi- 
ments a red which we dyed ourselves was used. We observed a marked 
difference in the ease with which these reds could be discharged ; the 
commercial sample was discharged with relative ease, while the sample 
which we dyed was discharged with much greater difficulty. We pro- 
pose to make a series of experiments upon the relative fastness of differ- 
ent samples of alizarine reds, and upon the merits of different methods 
of dyeing them in this regard. Two discharges for Turkey red were 
prepared according to the following receipts : — 

Tartaric Acid Discharge. Lactic Acid Discharge. 

Alum 5 grams. Alum 5 grams. 

White Tartar .... 5 " Add Lactate of Potash . 5 " 

Tartaric Acid .... 60 " Lactic Acid 60 « 

Starch 16 « Starch 16 " 

Water 100 " Water 100 « 
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The two pastes, after Btraining, were printed side by side upon the 
red, and after drying were immersed in a solution of bleaching powder. 
While the discharge obtained was not altogether successful, the results 
obtained with lactic acid are quite equal to those obtained with tartaric 
acid, and we see no reason why lactic acid should not be substituted for 
tartaric acid in this style of work. A second experiment was now 
made, in which lactic acid alone was used. The commercial acid was 
concentrated by evaporation to a gravity of 30® Tw., and then boiled 
to a paste with wheat starch, cooled, strained, and printed upon the 
red, dried, and treated with bleaching powder solution. The result 
obtained was very favorable. An attempt was made to discharge the 
mordant upon cloth prepared with oil and alumina for dyeing in 
alizarine by the same process as that described above, but the result, 
instead of furnishing a red and white pattern, gave a pattern in light 
and dark red, after dyeing. 

Yellow Discharge upon Turkey Red. 

The two following receipts were used, and printed side by side, upon 
Turkey red : — 

CrTRic Acid Discharge. Lactic Acid Discharge. 

Citric Acid Solution, 30^ Tw. 80 c.c. Lactic Acid, 30® Tw. ... 80 c.c. 

Nitrate of Lead 25 grains. Nitrate of Lead 25 grams. 

Starch 6 " Starch 6 " 

The swatches were dried and immersed in a solution of bleaching 
powder, then washed, chromed, and soaped. The yellow discharges 
thus produced were identical. It appears that lactic acid can be 
substituted for citric acid in work of this description. A dark brown 
discharge upon Turkey red was similarly produced by raising the 
lead salt fixed, with sulphuretted hydrogen water instead of chrome. 



Turkey Red with Aluminum Lactate. 

Aluminum lactate was prepared by the double decomposition of 
lactate of barium with sulphate of alumina, and had a gravity of 
lO** Tw. This solution failed to furnish a good red. A basic aluminum 
lactate was prepared by dissolving the hydrated oxide in lactic acid. 
This solution stood 12** Tw. Pieces of Turkey red were dyed, upon 
one of which basic aluminum lactate at I2® Tw. was used, and upon the 
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other red liquor at 12° Tw. The pieces were carried together through 
the whole process except the treatment with the alumina salts, dye , 
steamed, and soaped together. Several experiments of this description 
were made. The red produced by the lactate was a little lighter and 
yellower, but the difference between the results produced by the lactate 
and acetate is very small. In connection with these experiments, an 
alizarine red was dyed, in which butyrate of aluminum was employed. 
The red was bluer and heavier than that produced by red liquor. ^ The 
blue shade may have been due to a trace of iron in the alunciinutn 
butyrate. It offers no advantage over the acetate. 

The experiments described in this article would indicate that lactic 
acid may be used to considerable advantage in dyeing alizarine upon 
wool, and in cotton printing in the place of tartaric and citric acids. 

Mass. Institute of Technology, 
May, 1890. 
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ON THE INFLUENCE OF THE STRENGTH OF THE MAG- 
NET IN A MAGNETO TELEPHONE RECEIVER. 

BY CHARLES R. CROSS, Thayer Professor of Physics, and HARRY E. HAYES, 

A.B., S.B.i 

The present investigation is a continuation of the research described 
in a paper by Messrs. Cross and Williams, previously published in the 
Technology Quarterly (Vol. II. p. 265). With a magneto telephone 
transmitter it was found that, as the strength of the magnet was in- 
creased, the induced current produced by a definite motion of the dia- 
phragm increased quite rapidly to a maximum, and then gradually 
decreased. With diaphragms of different thickness it was found that, 
as the field necessary to saturate the diaphragm increased in strength, 
the maximum value of the induced current occurred with a greater 
strength of field, and also that the value of this maximum current in- 
creased with the thickness of the diaphragm, other things remaining the 
same. One series of measurements, however, whose results are shown 
in curve No. 23, Figure 2, of that article, seemed to be at variance with 
this conclusion, a discrepancy which was explained on the supposition 
that the supports holding the cam-rod by which the diaphragm was 
thrust forward yielded to a material extent with the thicker and stiffer 
diaphragm, which, by lessening the motion of this, would produce the 
observed result of a diminished current. 

A series of measurements was first made in order to ascertain 
whether the above conclusion was correct. The apparatus employed 
was identical with that described in the previous article referred to, 
but the supports carrying the cam-rod were much increased in rigidity. 
The same diaphragms were employed as in the earlier experiments. 
The results were such as to show that the explanation of the discre- 
pancy suggested was the true one, as will be seen on an examination 
of Tables I., II., and III. The diaphragms used were of iron, and of 
the same thickness as in the previous experiments, viz. Nos. 21, 22, 
and 23, B. W. G., corresponding to a thickness of 0.032 in., 0.027 in., 
and 0.024 in., respectively. 

It was feared, however, that further difficulty might be met with 
from yielding of the supports of the cam-rod when heavy diaphragms 
were used, so that a modification of the apparatus was thought to be 

> Read at a meeting of the American Academy of Arts and Sciences, November 12, 1890. 
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desirable. The cam-rod was therefore provided with a brass dia- 
phragm-holder, so that the diaphragm, being carried by this, was 
moved bodily forward by the longitudinal motion of the cam-rod. A 
series of observations made with the same diaphragms used in the ex- 
periment last described gave the results shown in Tables IV., V., and 
VI., which are in substantial accord with those reached with the earlier 
form of the apparatus as given in Tables I., IL, and III. From these 
tables the curves shown in Figure i were constructed. The induced 
currents are represented by abscissas, the strength of the field by 
ordinates. 







TABLE 


L 








Diaphragm, Sheet Iron 


, No. 21. 




Strength of Field. 


Induced Current 






Strength of Field. 


Induced Current 


.000 


0.0 






384 


105.7 


.070 


19.0 






.441 


102.0 


.119 


38.0 






.492 


1013 


.158 


49.5 






384 


101.0 


.202 


64.0 






.637 


98.0 


.246 


77.7 






.740 


92.3 


.292 


93J 






.900 


883 


.344 


99.0 


TABLE 


IL 








Diaphragm, Sheet Iron 


, No. 22. 




Strength of Field. 


Induced Current. 






Strength of Field. 


InoQced Current 


.000 


0.0 






380 


973 


.070 


19.5 






.425 


96.8 


.105 


35.5 






.456 


96.7 


.141 


39.7 






314 


94.0 


.176 


47.0 






377 


88.0 


.222 


63.3 






.700 


843 


.258 


73.7 






.781 


76.5 


.306 


86.0 






.916 


713 


344 


94.0 


TABLE 


IIL 








Diaphragm, Sheet Iron 


, NO. 23. 




Strength of Fidd. 


Induced Current 






Strength of Field. 


Induced Comnt 


.000 


0.0 






325 


863 


.070 


15.5 






364 


90.0 


.123 


30.5 






.492 


823 


.155 


42.3 






.558 


76.0 


.194 


53.8 






.637 


66.5 


.236 


65.0 






.700 


613 


.268 


75.7 






.900 


50.8 
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TABLE 


IV. 








Diaphragm, Sheet Iron 


, No. 21. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current. 


.000 


1.7 






.620 


124.3 


.123 


28.3 






.649 


iia3 


.194 


44.0 






.700 


111.0 


.262 


55.8 






.787 


102.9 


.306 


63.9 






.862 


96.5 


.384 


82.3 






.976 


88.5 


.466 


98.5 






1.213 


68.5 


.554 


118.5 


TABLE 


V. 








Diaphragm, Sheet Iron 


, No. 22. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.5 






.514 


86.7 


.125 


22.5 






.596 


91.4 


.191 


36.3 






.654 


89.0 


.268 


45.3 






.716 


81.5 


.302 


52.8 






.807 


77.0 


.325 


56.9 






.983 


69.3 


.420 


72.3 






1.065 


56.3 


.466 


843 


TABLE 


VL 


1.235 


52.3 




Diaphragm, Sheet Iron 


, No. 23. 




Strength of Field. 


Induced Current. 






Strength of Field. 


Induced Current 


.000 


0.0 






.488 


90.5 


.126 


20.8 






.577 


87.5 


.134 


34.9 






.654 


803 


.266 


43.8 






.716 


72.0 


.302 


52.4 






.784 


57.4 


.337 


62.5 






.888 


43.2 


.412 


83.0 






1.036 


30.5 


.449 


89.3 






L235 ^ 


24.5 



The numbers 21, 22, 23, affixed to the curves of Figure i, indicate 
the thickness of the corresponding diaphragms by their gage number 
(B. W. G.). The curves show that with the diaphragms Nos. 21, 22, 
23, the maximum induced currents were 124, 93, 91, respectively, cor- 
responding to relative strengths of field 61, 56, 49. The results reached 
in the earlier article are fully confirmed by these figures, which prove 
that, within the limits of the experiments, the maximum current is 
greater, and is reached with a stronger field, as the diaphragm is 
thicker. 
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An examination of the curves of Figure i shows that the point of 
maximum current is less distinctly marked with the thinner diaphragms 
than with the thickest. We are inclined to believe this to be an acci- 
dental peculiarity, due to a slight yielding of the diaphragm, which 
was fastened at its edges and which when thin would tend to bulge 
towards the magnet, thus causing its whole motion to be performed 
in a stronger field, and so giving rise to a stronger induced current 
than would otherwise be the case. An extremely slight displacement 
of this kind will produce a noticeable difference in the resulting in- 
duced current. This effect may also have acted to diminish somewhat 




Fig. I. 

the difference between the maximum current obtained with the two 
thinnest diaphragms, which difference is much less than the difference 
between the maximum current with the two thickest ones. 

Care was taken in all the experiments described in this paper that 
the magnet of the apparatus should be far below saturation, even with 
the strongest magnetizing currents which were used. 

Our experiments were next directed to a study of the conditions 
operative in the magneto receiver, and particularly to ascertain the 
effect of a varying degree of magnetization in the magnet of the re- 
ceiver upon the change in its strength when subjected to the action 
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cf a slight current of the same order of magnitude as that used in 
telephony. 

The apparatus employed consisted of a core of soft Non^^ay iron, 
six inches long and a quarter of an inch in diameter, and provided with 
a suitable magnetizing coil. A diaphragm was placed opposite one 
end of the core, as in the usual magneto receiver. This end of the 
core also carried two coils of fine wire, like the ordinary telephone 
magnet coil, one having a resistance of about 130 ohms, the other of 
about 190 ohms. The former of these coils was connected with a stor- 
age cell, a fixed resistance, and a key. By means of this apparatus a 
current of suitable magnitude could be caused to traverse the coil, 
which evidently corresponds to the coil of the ordinary receiver, and 
which we have called the " line coil." The effect of this current will 
be slightly to increase or decrease the magnetization of the bar mag- 
net, as in the receiver itself. The second fine-wire coil is a " meas- 
uring coil," and is connected in circuit with a ballistic galvanometer, 
from whose deflection when a current was sent through the first fine- 
wire coil the effect of this current on the magnet of the receiver 
could be determined. A magnetometer arranged in the usual man- 
ner showed the relative strength of the field of the receiver magnet 
under differing conditions of magnetization. 

The observations consisted in adjusting the magnitude of the current 
through the magnetizing coil so as to give a certain deflection of the 
magnetometer needle. The magnetizing circuit included a suitable re- 
sistance coil, by the use of which any desired current could readily be 
secured. The key was then pressed, so that a certain current flowed 
through the line coil. The proper value was given to this current by 
means of a rheostat. The induction occurring in the measuring coil 
gave rise to a transient current through this circuit, the value of which 
was known from the deflection of the needle of the ballistic galvanom- 
eter included in it. Of course the key had to be kept down until the 
observation was completed, and it was also necessary, on account of 
the self-induction of the measuring circuit, always to read either on 
opening or on closing the key. In our experiments the latter alter- 
native was chosen. 

The results were plotted as previously by using the relative strength 
of the field as expressed by tangents of the magnetometer deflections 
as ordinates, and the induced currents in terms of an arbitrary unit 
as abscissas. The deflection of the ballistic galvanometer used was 
proportional to the strength of the transient current passing through 
its coils. 
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A series of observations was first made with the diaphragm removed, 
in order to study the deportment of the core alone under varying de- 
grees of magnetization. The results are given in Table VII., and are 
shown graphically in Curve I, Figure 2. It appears from these, that 
with increasing magnetization of the core the induced current remains 
nearly constant for a time, and then diminishes rapidly and at an in- 
creasing rate, which afterwards becomes nearly constant, a result which 
would be anticipated from the corresponding diminution in the mag- 
netic change which a small current in the line coil would produce. 




The current which traversed the line coil was six milliamperes, a 
value which was used in most of the measurements, it having been 
found by trial that the general character of the results was the same 
as when a smaller line current was used, while the greater magnitude 
of the deflection of the current induced in the secondary measuring 
circuit allowed more satisfactory readings to be made than if the line 
current were smaller. 

A corresponding series of measurements with a diaphragm of ferro- 
type iron, No. 31, B. W. G., o.oio in. in thickness, gave the results 
found in Table VIII. and shown in Curve 31, Figure 2. Curve 2, 
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Figure 2, is constructed with abscissas equal to the difference of the 
corresponding abscissas of Curves 31 and i, and shows for various 
strengths of field the increase of the induced current due to the pres- 
ence of the diaphragm, an interesting illustration of the action to 
which Du Moncel ascribed the chief efficacy of the diaphragm. 

In order to study the effect of the thickness of the diaphragm, fur- 
ther measurements were made, using sheet iron diaphragms Nos. 21, 
22, 23, 26, B. W. G., whose thickness was 0.032 in., 0.027 in., 0.024 in., 
and 0.018 in., respectively. The results of these measurements will 




Fig. 3. 

be found in Tables IX. to XII. inclusive, and from them the Curves 
21, Figure 2, and 22, 23, 26, Figure 3, were constructed. The num- 
bers attached to the curves indicate the gage of the diaphragm. The 
curves numbered 3, 4, 5, 6, respectively, are constructed to show the 
effect due to the addition of the diaphragm of thickness indicated by the 
gage number, as already explained in the case of Curve 2, Figure 2. 

Several series of measurements were made with currents of widely 
different strengths, and with the thinnest and the thickest of the dia- 
phragms used in these experiments, in order to ascertain whether the 
induced current in the measuring coil was proportional to the inducing 
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line current, and since this was found to be sensibly the case, the 
strength of six milliamperes was adopted, as already stated. 







TABLE 


VII. 










No Diaphragm 






Strength of Field. 


Induced Current 






Strength of Field. 


Induced Current 


.000 


101.5 






.554 


90.7 


.070 


101.8 






.727 


84J 


.167 


101.2 






.933 


77.6 


.244 


101.0 






1.043 


71.8 


.348 


97.8 






1.192 


67.7 


.445 


95.2 


TABLE 


VIII. 








Diaphragm 


[, Ferrotype Iron, No. 31. 




Strength of Field. 


Induced Current 






Strength of Field. 




.000 


123.0 






.488 


110.9 


.072 


124.4 






.625 


10L7 


.112 


123.4 






.754 


93.2 


.176 


123.0 






.897 


84.0 


.259 


120.5 






1.072 


77.9 


.327 


118.7 






1.235 


72.0 


.402 


115.4 


TABLE 


IX. 








Diaphragm, Sheet Iron 


, No. 21. 




Strength of Field. 


Induced Current 






Strength of Field. 


Induced Current 


.000 


131.0 






.437 


121.7 


.073 


130.2 






.521 


118.4 


.107 


130.0 






.649 


111.3 


.167 


129.7 






.754 


108.5 


.207 


129.2 






.933 


100.2 


.257 


128.0 






1.076 


92.2 


356 


125.4 


TABLE 


X. 


1.280 


81.4 




Diaphragm, Sheet Iron, No. 22. 




Strength of Field. 


Induced Current 






Strength of Field. 


Induced Current 


.000 


130.8 






.394 


122.2 


.C73 


131.4 






.475 


120.2 


.112 


131.6 






.601 


113.9 


.169 


130.2 






.754 


1064 


.204 


129.2 






• .875 


98.4 


.255 


128.2 






1.039 


88.7 


.313 


126.0 






1.235 


827 
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TABLE 


XL 








Diaphragm, 


Sheet IRO^ 


r, No. 23. 




Strength of Field. 


Induced Current. 








Strength of Field. 


Induced Current 


.000 


136.0 








.488 


128.4 


.068 


136.0 








.603 


118.4 


.107 


136.7 








.690 


115.5 


.167 


136.4 








.869 


104.9 


.211 


135.7 








.979 


95.4 


.281 


133.9 








1.196 


87.2 


380 


130.9 
















TABLE 


XII. 








Diaphragm, 


Sheet Iron, No. 26. 




Strength of Tield 


Induced CurrenL 








Strength of Field. 


Induced Current. 


.000 


140.9 








.454 


132.2 


.068 


142.7 








.543 


128.0 


.112 


142.4 








.625 


124.7 


.175 


142.0 








.754 


113.0 


.229 


141.4 








.885 


104.4 


.298 


138.7 








1.004 


99.2 


376 


134.0 








1.196 


89.2 



Considerable trouble was experienced in obtaining satisfactory con- 
secutive readings of the deflections, on account of the close proximity 
of the laboratory to the streets, rendered especially disturbing by the 
presence of the electric railway. The difficulty was avoided as far as 
possible by working at night. In order to indicate the character of 
our results so far as the deflections of the ballistic galvanometer are 
concerned, the values are given in Table XIII. from which the de- 
flections in Table XII. are derived. 

It will be seen from inspection of any one of the various curves last 
referred to, that as the strength of the field increases, the induced cur- 
rent increases, and then gradually diminishes. This would of course 
be anticipated, as the increased magnetization of both the core and the 
diaphragm increases the strength of field in which the latter moves, 
and at the same time diminishes the susceptibility of both masses of 
metal to magnetization. The effect of the former predominates slightly 
at first, but is overpowered by the latter cause when the magnetization 
is increased. The Curves 2, 3, 4, S, 6, show that the addition of the 
diaphragm causes a greater increase of the induced current at low than 
at high magnetizations of the core, as would naturally be anticipated. 

Curves 21 and 22 are so nearly alike that they have been placed in 
separate figures to avoid confusion. It would seem from this coinci- 
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dence that above No. 22 an increased thickness of diaphragm causes 
little effect. 

TABLE XIII. 





Deflections. 




Mean. 


Half.>deflections. 


A 


B 


C 




A A ai I^^AG U W^ 1 l^f U aa 


281 


283 


281 


281.7 


140.9 


285 


286 


285 


285.3 


142.7 


285 


284 


285 


284.7 


142.4 


284 


284 


2S4 


284.0 


142.0 


283 


283 


282 


2827 


141.4 


277 


278 


277 


277.3 


138.7 


269 


268 


267 


268.0 


134.0 


263 


265 


265 


264.3 


132.2 


256 


257 


255 


256.0 


128.0 


249 


250 


249 


249.3 


124.7 


226 


225 


227 


226.0 


113.0 


210 


208 


208 


208.7 


104.4 


199 


199 


197 


1983 


99.2 


178 


178 


179 


178.3 


89.2 



A comparison of the curves will show that, with the exception of 
Curve 31, for which the diaphragm was of ferrotype iron, the value of 
the maximum induced current is greater according as the diaphragm 
is thinner; and also that the strength of field corresponding to this 
maximum current is likewise greater the thinner the diaphragm. The 
following approximate values were found from constructions of the 
curves on a large scale. « 

For No. 26, Maximum Current = 142, Field = .18 
" " 23, " " 137 " .13 

" " 22, " " 132 " .10 

** " 21, *' " 131 " .06 

It also appears that with the thinner diaphragms the decrease of the 
induced current with increase of field, after the maximum value of the 
current is reached, is more rapid than with the thicker ones. Moreover, 
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the deviation of the latter portion of the curve from a straight line is 
greater in the case of the thinner diaphragms. 

The greater value of the maximum induced current with the thin 
than with the thick diaphragm would naturally be ascribed to the less 
stiffness of the former, and its consequent greater motion when a cur- 
rent passes through the line, although its smaller mass and greater 
ease of saturation must in a measure counterbalance this effect. The 
quicker approach of the thin diaphragm towards saturation will explain 
the more rapid falling off of the current with it, and also the less uniform 
rate of this change as the field increases. Curves 3, 4, S, 6, showing 
the effect of the diaphragm, still further illustrate these facts. 

It should be observed that the results which we have described do 
not necessarily show the varying acoustic effect of the receiver, since 
the amplitude of the motion of the diaphragm rather than the simple 
amount of the change of strength of the magnet determines the mag- 
nitude of the resulting air-waves, — at least according to the view 
commonly held. We hope to return to the study of this part of the 
problem, which is rendered somewhat difficult on account of the very 
small motion of the diaphragm. 

Rogers Laboratory of Physics, 
October y 1890. 
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THEORIES AS TO THE ORIGINAL HOME OF THE 
INDO-EUROPEAN RACE, 

BY G. THEODORE DIPPOLD, Instructor in Modern Languages. 

It was a common belief during the Middle Ages and the two cen- 
turies following that period, that the language of the Old Testament 
was the original language of the whole human race. Although a 
few scholars now and then faintly protested against this view, the 
honor of first having successfully attacked this erroneous theory be- 
longs to the German philosopher Leibnitz (1646 to 1716). Towards the 
end of the eighteenth century the opinion of Leibnitz gained ground, 
and the most famous linguist of that time, J. C. Adelung, wrote, in 
1 78 1, that the Hebrew language was perhaps the oldest of which we 
possessed any considerable remains, but that it was not on that account 
the original language of the human race. Adelung, in common with 
most of his contemporaries, was convinced that the highlands of Central 
Asia formed the cradle of mankind. When he became acquainted with 
Sanscrit, he instinctively felt the great importance that language had 
in its relation to other languages; yet he promiscuously compared 
Hebrew, Turkish, and Syrian words with Sanscrit, German, Latin, and 
Greek. This desultory method of comparison was soon forgotten, after 
the first scientific work on the subject, Bopp's " Comparative Gram- 
mar," had appeared, in 1833. It became then gradually evident that 
the Sanscrit, Old Persian (Zend), Greek, Latin, Slavonic, Keltic, and 
Teutonic languages formed a family by themselves, distinct from all 
others, which has since been called the great family of Indo-European 
languages. For a short time the assumption prevailed that Sanscrit 
or Persian was the original language from which the others were de- 
scended. To the followers of either opinion it seemed comparatively 
easy to point out the earliest abode of the Indo-European race. To 
the supporters of Sanscrit, it was India ; to those of Persian, the high- 
lands of Media and Armenia. But it was soon shown, beyond doubt, 
that not any one of the languages mentioned above could claim to be 
the original Indo-European language, from which the others were 
derived, but that all of them stood to one another in the relation of 
sisters. Henceforth the solution of the problem as to what country was 
the earliest home of the Indo-European race became more difficult. 
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While the main work of the comparative philologists consisted in 
discovering, arranging, classifying, and explaining certain linguistic 
facts, their investigations necessarily led them to the question of the 
prehistoric unity of the Indo-European race. Yet, apart from its lin- 
guistic bearings, this question by its intrinsic historical importance has 
become very interesting, and deserves the attention, not merely of the 
specialist, but of all educated men. 

The affinity of the Indo-European languages can only be explained 
by the assumption that the variety of forms ^ used to express one and 
the same idea or object must have arisen from a common source ; or, 
in other words, at some prehistoric period there must have existed one 
original Indo-European language. If this theory be correct, there 
must have lived a people who spoke that language. 

As has been stated above, the Sanscrit or the Persian was once 
considered to represent the earliest form of Indo-European speech. 
When this theory could no longer be upheld, it was nevertheless main- 
tained that these two languages, since they apparently had preserved 
the purest and oldest forms, must have been spoken in closest vicinity 
to the earliest home of the Indo-European race. The greater the 
darkness enshrouding the first attempts at elucidating 'the treasures of 
Sanscrit and Persian (Zend), the brighter shone the halo of sanctity, 
originality, and antiquity which was supposed to encircle them. While 
the scholars who held this view differed as to the exact locality of the 
ancient abode of the Indo-European race, most of them assumed it to 
have been somewhere in Central Asia. 

The theory of the Asiatic origin of the Indo-European race was 
entertained by the foremost scholars of the time, and was wellnigh 
undisputed until the beginning of the second half of this century, when 
all at once a doubt was cast upon it by R. G. Latham's ** Elements of 
Comparative Philology" (London, 1862). In this work the author 
attempted to show, with more or less originality, that Europe was the 
primitive home of the Indo-European family. Prof. W. D. Whitney, 
in his "Language and Study of Language," in 1867, and in his later 
works, while strongly expressing his doubts as to the Asiatic origin 
of the Indo-European race, did not come out boldly in favor of the 
European theory, as Th. Benfey did, but confined himself to the state- 

1 Cf. Sanscrit pitdr; Old Persian pitar ; Greek war^ip; Latin pater ; Gothic fadar ; 
English /iM^r. Sanscrit mAtdr ; Old Persian mdtar / Greek yArnip ; Latin maUr ; Old Irish 
mdthir ; Old High German muotar ; 'EngW^h mother. Sanscrit duhitdr ; Old Persian ^i/^.^- 
dhar ; Greek 0vydrrip't Gothic datihtar ; English daughter. Sanscrit bhrS^tar ; Old Persian 
bratar ; Greek ipp^rrip; Laitin /rater; Old Irish brdthtr ; GoX\nQ Mihar ; Slavonic Mj/rw ; 
English brother. 
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ment that neither language nor history gave us any clue to guide us in 
determining the earliest abode of the Indo-Europeans. The hypothesis 
of the Asiatic origin has not by any means been abandoned ; on the 
contrary, some of the most distinguished scholars still adhere to it, 
but it can no longer be held up as incontestable. The discussion be- 
tween the followers of the two antagonistic views has been carried on 
for the last twenty years, and although the strife has not been lacking 
in vigor and aggressiveness, it has never become a bitter and personal 
controversy, such as was witnessed, for instance, between Max Miiller 
and W. D. Whitney a number of years ago, or in the early stages of 
the dispute in regard to the authorship of the Nibelungen Lied. 

The old phrase "ex oriente lux," and the fanciful idea that the 
course of the sun and that of the progress of culture and humanity 
must be identical have no doubt exerted at times a fascinating influence 
on many minds. Nor have the attractions of comparative mythology 
been without bearing on the subject. The justly renowned scholar, 
Hans von Wolzogen, attempts to prove from certain mythological facts 
the descent of the Indo-European race from an Asiatic cradle. He 
starts from the well known Sanscrit myth of the battle of the god Indra 
with the fire-emitting dragons that have carried away the milk-dispens- 
ing cows. In this connection it would perhaps be interesting, but at 
the same time too far from our purpose, to enter upon the famous and 
sometimes ridiculed sun myth, and consider all the deductions drawn 
from it by Max Miiller and his followers. It will suffice here to say 
that Indra represented the god of thunder, who freed the earth from the 
scorching summer heat (the dragons) which held the rain-giving clouds 
(the cows) imprisoned. In a Southern country this seems to be the 
natural way of explaining the myth; and therefore, according to 
Wolzogen, it must have been the earliest form of it, while the image 
as represented in Northern Europe appears to him distorted, and con- 
sequently must belong to a later age. In the Scandinavian myths and 
sagas, which to a great extent reflect the earliest era of Teutonic 
religion, the fire-emitting dragon (Fafnir) typifies the cold winter, which 
is conquered by the sun-god (Balder, Siegfried). Thus Wolzogen 
argues that the nation which preserved the myth in its primitive and 
natural shape must have proceeded from a region where image and 
reality coincided. This reasoning leads him to consider Northwestern 
India as the home of the Indo-European race. 

On the other hand, the scholars who believe in the European theory 
protest, and with good reason, against the assumption that the Sanscrit 
and Old Persian languages contained the purest and earliest forms; it 
cannot be proved, and consequently all conclusions drawn from it are 
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doubtful or fallacious. There are several facts which demonstrate that 
the European languages, at least in one or two very important points, 
retained as great an originality as their Asiatic sisters.^ The earliest 
runic inscriptions in Scandinavia show such a linguistic character as to 
entitle them wellnigh to a rank equal to that of the Sanscrit.^ As to the 
occupation of East India by the Sanscrit-speaking tribes, we merely 
know that they came from the northwest. The Ganges, which at a 
later period, when the primitive purity and simplicity of their ancient 
religion had disappeared, became such a sacred river, is named but 
once in the Rigveda. On the banks of the Sindhu (Indus) were the 
chief settlements at the Rigveda epoch. Afterwards they gradually 
advanced farther south and east. It is also certain that at a remote 
period the ancestors of the Hindoos and Persians .occupied the same 
regions, that is, the country to the north of the Himalaya. 

But from these facts it does not follow that the European members 
of the Indo-European race must have come from the same territories ; 
or, in other words, the Asiatic origin of the whole family cannot be 
proved from the mere fact that two Asiatic members of it at some 
distant epoch lived together somewhere to the north of the Himalayan 
Mountains. More than that, from the above facts we cannot even draw 
the final conclusion that the earliest abode of the forefathers of the 
Hindoos and Persians was in those regions, or in Asia at all. They 
may originally have come from Europe. 

As to the European members of this great family of nations, it is 
beyond doubt that their earliest settlements, so far as known to us, 
were in Northern Europe ; and in this connection it may be stated that 
the primitive abode of the whole Indo-European race must have been 
in the North. This is shown by the occurrence in the earliest languages 
of words for snow and ice^ and the original division of the year into 
two seasons only, summer and winter. But the most important point 
in favor of the theory that Northern or Northeastern Europe was the 
first home of the Indo-European race, is the fact that the earliest 
migrations of the Indo-European tribes were on the whole in a di- 
rection towards the south, and often towards the east. The time has 
not yet come to decide this important question beyond all possibility 
of doubt; but at all events the long cherished Asiatic theory is not 
now accepted as infallible or as the only plausible one, and, to say the 
least, has lost much of its former prestige. 

1 The simple vowels a, 1, u (pronounced as in Italian) of the Indo-Persian group, which 
contains no vowels corresponding to European e and o^ were formerly considered to represent 
the earliest stage of Indo-European vocalism, while it is now apparent that the European vowel 
system a, e, r, o, u comes much nearer the primitive condition of the ancient language. 

2 Cf. Old Norse ulfr^ Gothic ^mlf-s^ and Sanscrit vr'ka'S, 
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PHOTOGRAPHY OF THE SOLAR PROMINENCES. 

BY GEORGE E. HALE, S. B. 

The most remarkable developments of astronomy in recent years 
have been effected by photographic means. Thousands of star images 
secured upon a single plate; faint and far-reaching nebulae clearly and 
permanently recorded ; star spectra showing hundreds of lines ; sun- 
spots in the greatest perfection of detail ; — these are a few evidences 
of the great value of the sensitive plate to the astronomer. And the 
great success of the many investigators in this new field of research 
has so multiplied the applications of photography that there are few 
instances in which it has not already surpassed the most searching eye. 

As photography has thus been employed in almost every department 
of astronomical research, it is rather to be wondered at that the solar 
prominences have as yet escaped its attacks. A simple and reliable 
method of photographing the prominences would not only do away 
with the tedious and inaccurate task of drawing, but might possibly 
discover new phenomena of value in clearing up the perplexing ques- 
tions of the solar theory. A series of photographs of the same promi- 
nence, taken at exactly equal intervals of time, would be of much 
greater value than a similar series of drawings. And if the method 
could be made to serve in a daily registry of solar phenomena, its 
value would be beyond question. It might here be contended that 
the photograph would integrate all changes taking place during the 
exposure; but if this time could be made very short, the difficulty 
would disappear. 

There are yet other opportunities for photography. In eye obser- 
vations we are limited to the visible portion of the spectrum, while 
photography would lay open the infra-red and ultra-violet, where the 
prominences are known to have many lines. It would permanently 
register all the phenomena of the distortion and displacement of lines 
in the spectrum, and render their measurement a leisurely and exact 
process with the dividing engine; and it might ultimately lead to a 
more certain knowledge than we now possess of the true form of a 
prominence. In an observation or photograph through, for instance, 
the C Ime, what is shown is that portion of the prominence which is 
composed of incandescent hydrogen. A photograph taken through an 
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iron line, if one were visible at the time, would show the region occu- 
pied by iron vapor. In the same way, the parts played by calcium, 
sodium, magnesium, and other elements, might be shown ; and a com- 
posite photograph from such a series of negatives would for the first 
time (outside of an eclipse) show the true form of the prominence, and 
the arrangement of its metallic strata. It is now known from com- 
parisons of observations made just before and after eclipses with those 
during totality, that the C line gives the true form very nearly, if not 
exactly ; but there is still room for much work in this direction, and in 
many others. For instance, Is the form seen through D, exactly the 
same as that seen through C ? If not, are they more alike at some 
times than at others? Answers to questions such as these might render 
less mysterious the true nature of " helium," and define its relation to 
hydrogen. Tacchini*s eye observations of prominence forms through 
several of the brighter lines show how advantageously photography 
might be employed. 

Several attempts have been made at various times to photograph the 
prominences, but I will omit a discussion of the methods in this paper, 
merely remarking that no results of value have been obtained. Pro- 
fessor Young succeeded in obtaining the outlines of two prominences 
through an open slit; but the conditions under which they were made 
were not favorable, and no details were secured. Lohse's apparatus is 
too crude mechanically to be of practical service. 

I believe that the following considerations will ultimately lead to a 
successful solution of the problem. 

First. The desired dispersion may be obtained by the use of a large 
diffraction grating, mounted with a pair of telescopes of large aperture. 
The grating should be bright in the second or third order if a ruling 
with about fourteen thousand lines to the inch is used. Suitable absorb- 
ing media will be required before the slit to cut out the overlapping 
spectra. The spectroscope should be mounted upon an equatorial 
refracting telescope. 

Secondly. It is a well known fact, that the solar line C is the best 
line for prominence observation because of the brilliant and well defined 
images seen through it. Therefore this line, in spite of its position at 
the red end of the spectrum, should be used in preference to any other 
for prominence photography. Ordinary dry plates are more sensitive to 
the region of the spectrum near F and H7, but the nebulous character 
of these lines makes it more desirable to use C, though for sharpness 
even this line is not all that could be desired. Hence special plates, 
sensitive to red light, are required. D, is a very sharp line, and as it is 
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always visible as far above the limb as C, it is also recommended for 
photographic work, though the continuous spectrum at this point may 
prove troublesome. This line would of course require the use of plates 
sensitive to the yellow rays. 

Thirdly. For photographing the prominences two new methods are 
offered. In general, they are as follows. 

Method A. Change the rate of the driving clock of the telescope, so 
as to make the sun's limb move slowly across the slit of the spectro- 
scope. Move the photographic plate in the plane of dispersion, and at 
right angles to the axis of the observing telescope; its velocity will 
depend upon the form of spectroscope employed. In this manner a 
series of images of the slit would be formed side by side, and merging 
into each other, thus building up an image of the prominence. 

This method would allow the use of a narrow slit, thus greatly re- 
ducing the atmospheric light and increasing the sharpness of the pho- 
tograph. A second slit should be placed immediately in front of the 
plate, and so nearly closed as to allow the line in use to pass. This 
would cut out the continuous spectrum on either side, and leave the 
photograph of the prominence in strong contrast on a clear back- 
ground. In practice it is impossible to fully realize this, but still the 
second slit can be closed to such an extent as greatly to reduce the 
superfluous light. The use of a second slit is not in itself nev/, as it 
was employed by Huggins and others as an aid in eye observation, and 
by Lohse in his ** rotating spectroscope." It is easy to see that a radial 
slit would probably prove most useful for this work. But there are at 
a given time only two positions on the sun's limb at which the slit may 
be radial when the direction of the sun's motion is at right angles to it. 
Thus, if the prominence did not happen to be at either of these points, 
it could not be photographed to the very best advantage. But it is not 
absolutely essential that the motion should be at right angles to the slit, 
and in this case a prominence could be photographed at any point on 
the limb. The chromosphere and all the prominences visible at one 
time could be taken upon one plate by reducing the diameter of the 
solar image until it becomes less than the length of the slit; the sun 
being then allowed to move across centrally. 

Method B. This method is similar in principle to the above, but the 
result is effected in a different way, making a radial slit applicable to 
any portion of the limb. Provide the slit with a uniform motion across 
the axis of the collimator. Before the photographic plate arrange a 
second slit, and cause this to move with the first slit by means of a 
screw; both screws being provided with grooved heads for a cord, and 
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driven by a single clock. In this case the plate and sun's image must 
be stationary. The slit then moves across the prominence, and the 
second slit prevents the plate from fogging. 

These are methods devised by me a year ago. Some recent changes 
and improvements will be mentioned after describing the work already 
accomplished. 

Through the kindness of Prof. E. C. Pickering the fifteen-inch equa- 
torial of the Harvard Observatory was placed at my disposal in Novem- 
ber, 1889. But as Mr. George Clark considered the weight of my large 
spectroscope too great to be safely carried by the wooden tube of the 
equatorial, it was finally decided to adapt the spectroscope to the twelve- 
inch horizontal telescope, which Professor Pickering very kindly gave 
up entirely to my use, although it was at that time employed for photo- 
metric work. This instrument consists of a telescope tube with twelve- 
inch objective supported horizontally. Light from any body not too 
far from the meridian is reflected into the tube by an eighteen-inch sil- 
vered glass mirror. This rests upon an iron plate in a cradle, which 
can be rotated by a friction roller attached to a long rod leading into the 
eye end of the telescope, thus giving the motion in altitude. The axis 
of the telescope is at right angles to the meridian, and a screw at the 
back of the mirror gives the motion in azimuth. This screw is driven 
by an endless cord in connection with a clock placed convenient to the 
hands of the observer, so that its rate can be easily regulated by screw- 
ing up or down the friction disk of a centrifugal governor. As the 
mounting is alt-azimuth, the image of the sun cannot be kept station- 
ary by the clock, and Method B could not therefore be tried with this 
telescope. 

The spectroscope was constructed for me by Mr. J. A. Brashear, and 
has proved itself in every respect a most excellent instrument. The 
slit is made of glass-hardened steel, gilded to prevent rust, and opens 
equally in both directions from the centre, the width being read off 
from a graduated head. The whole slit-plate is provided with a screw 
motion across the end of the collimator, — a very convenient motion in 
prominence or spot observation, and also necessary in Method B. A 
simple device allows three spectra to be taken edge to edge on the 
same plate. The lenses of the collimator and observing telescope are 
exactly alike, about 3i inches aperture and 42J inches focus, and are 
made of Jena glass. The whole collimator tube can be moved by a 
screw through collars in the frame, and thus the slit can be easily 
brought to the focus of the large telescope without moving the whole 
instrument. The grating is one of the excellent rulings of Professor 
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Rowland, and is remarkably bright in one of the second spectra. It 
is ruled with 14,438 lines to the inch on a highly polished surface of 
speculum metal, and contains altogether more than 48,000 lines. It is 
mounted in a holder with adjusting screws at the top and side, and 
stray light is excluded by a cylindrical brass cover, provided with close 
fitting openings for the two telescopes. The circular plate upon which 
the grating-holder stands is divided on its edge to degrees for con- 
venience in setting, and a rod connected with a tangent screw carries 
the slow motion to the eye end of the spectroscope ; a quick motion is 
also supplied. Eye-pieces of various powers are used for observation, 
either with an adapter at the end of the tube, or at the side with a total 
reflecting prism when the sliding plate-holder is in position. In the 
apparatus as first used, a small plate-holder was held by a spring clip 
in a light frame of brass tubing arranged to slide with very little fric- 
tion between V-shaped guides. After many experiments the steadiest 
motion that could be obtained was derived by a fine wire from the 
clock of the horizontal telescope. But this was at best unsatisfactory, 
and several improvements have recently been devised to overcome the 
difficulty. An adjustable slit, directly in front of the plate and very 
near its surface, was used as described in Method A. The whole spec- 
troscope is supported in a strongly braced frame of steel tubing, and 
by means of a gear and either one of two pinions it is easily rotated 
about the axis of the collimator. This allows the slit to be made tan- 
gent or radial at any point on the sun's limb. 

At first thought, it would seem that the horizontal telescope offers 
many advantages for spectroscopic work. As the tube is always re- 
tained in a fixed position, and rests on solid brick piers, apparatus of 
great weight may be attached to the eye end without causing sensible 
flexure of the tube. The spectroscope is thus always conveniently 
placed for observation, and work may be carried on with comfort even 
in the coldest weather, as the observer sits in a small house, which may 
be warmed with a stove if so desired. But these advantages are more 
than outweighed by the poor performance of the mirror when used for 
solar work. Not only is a large amount of diffuse light sent into the 
spectroscope, but the distortion of the mirror by the sun's heat soon 
changes a prominence into a shapeless mass when the diffuse light does 
not render it entirely invisible. An example of the extreme sensitive- 
ness of the mirror to slight heating was recently given me by Mr. Clark. 
He said that, when it was first set up for night work, the heat radiated 
from the brick pier upon the back of the mirror so distorted it that no 
star image could be obtained. This was due to the unequal radiating 
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power of the different surfaces of the mirror, and the difficulty was at 
length partially overcome by covering the circumference and sides with 
bright sheet tin, and thus rendering their radiating power more nearly 
that of the silvered front surface. But it is obvious that the direct 
solar rays could not but have a far greater effect than the feeble ra- 
diation from the pier, and the result was that prominences could only 
rarely be seen at all, and even when seen they were so faint and badly 
defined as to be practically useless for photographic work. As I have 
already remarked, none of the equatorials of the Observatory were 
available for this work; so the best that could be done was to use 
the horizontal telescope on such days as anything at all could be 
seen with it. 

Attempts were made to photograph through the F and H7 lines with 
ordinary dry plates, through D, with plates dyed with erythrosine, and 
through C with plates dyed with cyanine and alizarine blue. In the 
first three cases, Method A was used with some degree of success. 
F and H7 gave the general outlines of the prominences rising above 
the limb, and on one plate taken through F two prominences are 
shown. The line Dj was photographed by the use of a tangential 
slit, the sun's image being maintained stationary by the slow motions. 
At the red end of the spectrum, the cyanine and alizarine plates 
were found to be hardly sensitive enough for the purpose. It is hoped 
that further experiments with these and other dyes will remove the 
difficulty. 

The investigation is soon to be resumed, under much better auspices, 
at the Kenwood Physical Observatory. The large spectroscope already 
described will be attached to a long- focus twelve-inch equatorial refrac- 
tor, built especially for spectroscopic work. The object glass of this 
instrument is by Brashear, and the mounting by Warner and Swasey. 
It is covered by a dome 26\ feet in diameter, giving ample room for 
any desired apparatus at the eye end. A new frictionless arrangement 
has been devised, which by a simple change gives either a stationary 
slit and moving plate, or a moving slit and stationary plate. It is also 
considered possible, that under certain circumstances two or more slits 
may be used before the plate, thus giving simultaneous photographs 
of the same prominence several lines at once, and allowing accurate 
comparisons of form to be made. Professor Young has suggested that 
the motion of the plate in Method A may be so changed as to correct 
the distortion of the prominence in the plane of dispersion. I mean 
also to try a rotating cylinder at the focus of the spectroscope, carrying 
on its circumference a strip of celluloid photographic film close behind 
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the stationary slit. This will probably give the greatest steadiness of 
motion obtainable, if used with a carefully made clepsydra, possibly of 
the form perfected by Dr. Draper. 

The sun-spot minimum being now well past, it is hoped that promi- 
nences will be more frequent and more brilliant than was the case 
last winter, and the substitution of an equatorial for the horizontal 
telescope will certainly render the solution of the problem much less 
difficult. 

Kbnwood Physical Observai'ory, Chicago, 
October 24, 1890W 
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THE STUDY OF FOREIGN LANGUAGES IN 
TECHNOLOGICAL SCHOOLS. 

By ALPHONSE N. VAN DAELL, Professor of Modern Languages. 

Science is exacting, and does not allow him who wishes to gain dis- 
tinction in her pursuit many diversions. For the student of physics it 
is a difficult matter to find the necessary hours for keeping abreast, not 
of the whole science, for that is out of the question, but even of its 
advance in one special direction. In chemistry, mathematics, and 
other fields, the outlook is quite similar. But the question of a pro- 
gramme of studies for a Technological School is not one of how best to 
suit the advanced scholar ; it must be one of developing the qualities 
and perceptions most useful in a man of science. And even this is not 
enough, — "A man 's a man for a* that," — the proposed course must 
not only serve the more immediate purpose of the student, it must 
allow the growth of whatever befits the mind of a man. 

In many cases, for which provision has been made in the Institute of 
Technology by the creation of a General Course, while science has re- 
mained a main object, the desire for general culture dominates. This 
one consideration would be sufficient for justifying the maintenance of 
a department of languages; but there is even a more intimate and 
deeper-lying reason for giving great importance to the study of lan- 
guages. Close and accurate thinking is wellnigh impossible without ade- 
quate representation of human thought by words. Then how is the 
man of science to communicate the result of his studies to the world, if 
he cannot clothe his thoughts in words ? It is surely not saying too 
much, if we affirm that the world has been deprived of many useful 
devices because the inventors were not able to explain their discov- 
eries. The greatest genius is incomplete and condemned to waste if he 
cannot draw others to him and make them understand and appreciate 
his value. 

Language then is all important to every one. But why should for- 
eign languages accompany the mother tongue? First, because French 
and German are in themselves a powerful aid to the study of English, 
Secondly, because exercises in translation furnish the best possible prac- 
tice in teaching pupils how to express a stated thought in words of their 
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own, in giving them a discriminating idea of the exact value of ex- 
pressions. Thirdly, because students of specialties need the broadening 
influence of foreign civilizations, and because the modern civilizations 
of France and Germany especially are important factors in the shaping 
of contemporary ideas. Fourthly, because many important scientific 
works are written in foreign languages, and an advanced student cannot 
keep abreast of the best devices unless he is enabled to make use of the 
ideas conveyed through the medium of other tongues. 

The various uses of these languages to the student of technology will 
show what an ideal course ought to be, and what direction the efforts of 
the men who have charge of these courses ought to take. The course 
ought, as we have seen, to be generally broadening to the mind. This 
can be attained only by causing students to read some of the best liter- 
ature, and, as a rule, that literature ought to be modern prose. It is a 
fact that we are much more readily made to appreciate things of our 
own time. The more remote a civilization from our own epoch, the 
harder it becomes for us to enter into it with any degree of sympathy ; 
and the amount of interest, of sympathy, felt by the reader, is the 
measure of the civilizing influence exercised by the author. Poetry, 
and more especially German poetry, ought not to be excluded ; yet 
the greater part of the time given to the study of any language should 
be consecrated to common prose, which is a necessary foundation. 
Much reading, and fluent reading, ought to be done from the outset. 
This plan has the great advantage of giving a degree of interest which 
abstract rules, or even rules applied in the Ollendorfian fashion to ** the 
handsome waistcoat of the naughty butcher," can never attain; fur- 
thermore, it allows to the students constant practice in giving expres- 
sion to their thoughts in good English, and it prepares them directly 
for the fourth use above mentioned, that is, the ready use, in their diflfer- 
ent specialties, of works written in foreign languages. 

Two years only are allowed to either French or German at the 
Massachusetts Institute of Technology, with three hours per week of 
class-room work, and six hours of outside studying. It is supposed 
that students on entering have done the value of one year's work, either 
in French or German, and the regular course provides for three years' 
supplementary work ; viz. one year to complete the language that has 
been offered at the entrance examination, and the two remaining years 
for the other language. 

It is expected that during this time students will obtain a sufficient 
acquaintance with both French and German for all practical uses. It is 
thought that the French classes have come up to the requirements ; for 
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German, the results have not been as thorough as could be desired. 
But a serious effort is now being made, which, it is confidently expected, 
will enable the classes to read scientific German at sight. All those 
who are acquainted with both languages will acknowledge that, on 
account of national and linguistic peculiarities, the latter task is much 
more difficult than the former. 

But, after all, we ought perhaps to do much more which is not practi- 
cable within the given time. We ought to get an outline of the litera- 
ture, enter into the study of comparative grammar, and give a speaking 
acquaintance with French and German. A knowledge of general litera- 
ture from a foreign standpoint could not fail to be humanizing, a study 
of comparative grammar would give a more accurate idea of the struc- 
ture of English, and in the cases of foreign travel, and of personal inter- 
course with workmen or employees of different nationalities, facility in 
speaking the foreign language would prove a desirable acquisition. 

Taking more time during the course at the Institute is entirely out of 
the question. In most, I was going to say in all cases, the student's 
attention is called to such a variety of important professional topics that 
his receptive faculty is taxed to the utmost. What can then be done? 
I think that many preparatory schools should take upon themselves the 
task of preparing the students for the elementary work in both lan- 
guages ; if this should be realized to a certain extent, instead of divid- 
ing classes into sections of equal attainments, we could have some of 
them undertaking more advanced work. To require this of all students 
appears impracticable, because of the extreme difficulty, in some parts 
of the country, of finding competent instructors in modern languages. 
This is not to be wondered at, when we see some of our largest col- 
leges intrusting the teaching of modern languages to instructors who 
take these positions as a temporary makeshift until some more con- 
genial opening is offered, and when we hear in Boston itself instructors 
in preparatory schools openly proclaim, as if it were something to be 
proud of, that secondary schools need pay no attention to the advanced 
requirements of more progressive colleges. This is the language of. 
blind prejudice; but, unfortunately, persons of that disposition are 
yet holding prominent and influential positions, although the number 
of these " laudatores temporis acti '' is steadily diminishing. 

There is a growing desire of becoming better acquainted with the 
masterpieces of foreign literature, and with the best thought of other 
nations. The old-fashioned way, to consider French or German as 
something good enough to fill spare hours, is fast disappearing. In the 
Massachusetts Institute of Technology we have now both for French 
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and German a four years* course, including the principles of grammar, 
the study of literature, and, when the pupils are advanced enough to 
hear a lesson given in the language and are capable of answering, the 
vernacular itself is taught 

Through the liberality of the Corporation, a library is now being 
started where students may find a series of selected reference-books 
which many could not afford to buy. It is to be hoped that this library 
may be increased from time to time, and the aid of friends would be 
welcome in that direction. A collection of general and technological 
dictionaries and vocabularies, and of the best editions of standard litera- 
tures, ought to find a place there. 

The Massachusetts Institute of Technology has also offered courses 
in Italian and in Spanish ; and it is the fond hope of the department 
that these may develop. Mexico presents a new and extensive field 
for young and enterprising engineers, and students of art and architec- 
ture ought to be given an opportunity for becoming acquainted with 
Italian art, so far as this can ^be done through the medium of the 
language. 
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THE APPLICATION OF CERTAIN DETERMINANT 
THEOREMS TO A PARTICULAR CASE. 

BY H. W. TYLER, Assistant Professor of Mathematics. 

Among the various determinants occurring in algebra, perhaps none 
possesses greater interest than the determinant of order 2 «, 
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(I) 



The relations of this determinant to the two polynomials 



(x) = 0^0^ + aix^-^+ ... + tf«_iJr + «o1 






(2) 
We 



and to the equations /(x) = and ^ (;ir) = o, are well known, 
have, namely, the identity 

S = A (x) .fix) + B(x) .4>(x)y 

where A (x) and B(x) are certain polynomials of the (n — i)st degree 
in X. Moreover if / (;ir) = o and (;ir) = o have a common root, 
5 = 0, and vice versa. 

In this paper I shall, following a different direction from that just 
indicated, develop certain properties of the determinant S, primarily 
independent of its significance in general algebra. 

General Theorems. 

For convenience I may preface the treatment of the special problem 
by the needed theorems from the general theory of determinants. Since 
proofs of these theorems are for the most part accessible, they will not 
here be given ; ^ subsequent applications may be easily verified indi- 
vidually. 

1 Sec Gordan*s " Vorlesungen Uber Invariantentheorie," Vol. I. 
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For brevity, the matrix 



M = 



Sii Si2 . 



Sim 
Sim 
Snm 



will be denoted by \sa\ , the number of rows and columns being 
usually indicated by the context. 

Definition I. The product of two matrices, A = I a^tX and B^='\ba\^ 
having each m rows and n columns, where (« < ;«) is a determinant, 
P :=^ IA*I» whose elements are derived from those of the two given ma- 
trices, as in multiplication of determinants, by the formula 



Pik = ^\ihk 4- ^a,^2A 4- • • • + ami^mA' 



(3) 



Example : 



«11 


«i« 




bn 
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an 
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«3l 


«M 




btL 


bn 





^11 h\ + ^81 hi + ^81 ^81 ^11 hi + Oti ^n + «8i A 

Theorem I. If we denote by M-^ Mt, Mi^ respectively, the matrix 
obtained by omitting the i'-th column of M, the ^-th row, or both, and if 

P=^ Ay.B, 

P, = ^- X B . 

k * * 



then is 



Example 
an ^la am 

a^i ^22 ^28 
^81 ^zi ^8S 



bn 


bvt ht 




*« 


bnK 


= 


^.1 


*«*« 





^U hi + ^21 ^21 + «8l ^31 ^11 ^12 + (hi ^«a + «81 ^82 '" 
^12 ^11 +^22 ^21 + ^32 ^« 



Comparison with the previous example shows that 
More generally, \i P = A x B, 



P^ = A^XB^. 



-^'i/, v— ^vT 



XB 



*,*,... *^ 



Definition II. If the elements of two matrices, A = | at^ \ and 
-5 = 1 *,^t I , having each tn rows and respectively n and (»i — n) 
columns, satisfy the relation 

for all pairs of values / = i, 2, . . . «; ^ = i, 2, . . . (i« — «); A 
and 5 are called corresponding matrices. 
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Example: A = 



ctw 


an 


an 


a„ 


asi 


a^ 


«41 


a,.. 



and B = 



in 


ii. 


6u 


b» 


bx 


in 


h. 


*« 



are corresponding matrices if 

^11 ^11 + «21 ^21 + «31 ^81 + ^41 ^41 = O 

tf 12 ^11 + ^22 ^21 + «82 ^31 + ^42 ^41 = O 

^11 ^12 + «21 ^22 + ^31 ^82 + ^41 ^^42 = O 

«12 ^13 + <722 ^22 + ^32 ^32 + «42 ^42 = <> 

Definition III. The omission oi {m — n^ rows of -^ of Definition II. 
leads to a determinant of order n ; this determinant is said to correspond 
to the determinant of order {m—n^y consisting of the similarly situated 
(jn — ;/) rows of the corresponding matrix B. 

Example. Omission of ist and 3d rows of A in previous example 



leaves 



^21 «M 

^41 <'42 



the corresponding determinant of B is 



h\ ^84 



Theorem 11. Corresponding determinants of corresponding matrices 
are (in absolute value) proportional. 

Theorem III. If A and B are corresponding matrices, and C any 
other matrix having the same number of rows and columns as /I, then is 

Ax C = X\BC\y 

the expression | 5 C | denoting the determinant composed of the 
columns of B and of C; X is the ratio between corresponding deter- 
minants of A and B. 
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Theorem IV. Given « linear equations in m unknown quantities, 
where i« ^ «, 

Ax = ^u ^1 + <3fl2 ^2 H h «!« ^«. = o 

^s = ^ai ^1 + ^22 -^2 + • • • + «8« ^i» = O 



-<^« = ««i^i + ^«2'^2 + • • • + a^^x^ = o 
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If we form by linear combination the tJ equations 
Bx = All -4i -h X,i -4j + ... + K\ An = hx ^1 + ^w ^« + ••• + l>\m x^ 

B% = Aij -<4i + Aaj /^j + • • • + K,% An = ^21 *1 + ^fl *a + • • • + ^«i» ^m 



= 
= 



-Bn* = ^In'Al + Aj^,^a H h A^^#^« = ^«a*l + ^mt^t H + ^„',.*i» = 

then is in general, by a simple extension of Definition L, 

where B = |^,*I, -4 = |a^*|, and A = |A^*|. 

If, however, the quantities Xt^ x,^ • • • Xi^ have been eliminated by the 
the linear combination, we have 



B z= ^xA 



h*i/t"'^9 



(4) 



If in particular (n — «') unknowns are eliminated, then are, in gen- 
eral, A and the matrix of the omitted columns of A corresponding 
matrices. 

Example : 

Ai = tfii^i + a^x^ + axzx^ = o 
A^ = ^21 -^1 + ^fi ^« + a^zx^ = o 
A^ = OtiX + «M^a + a^x^ = o 



Let 



then is 



Bi = All Ai + Aji -^8 + Aai A^ = ^n jtj + h% x^ = o 
Bt = Ai,-4i + X^At + A„^, = btix^ + ^„x, = o 



sponding matrices. 
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All Aia 




LS been eliminated, 


Aai Aff 


and 








A,i 


A. 





«11 

^31 



are corre- 



Special Systems of Equations. 

The general theorems above enunciated will now be applied to the 
determinant 5, and to certain related matrices; for convenience, the 
case « = 4 will be considered. 
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The determinant 




















^0 


ax 


<H 


'h 


«« 
















«o 


ai 


a* 


«t 


"* 
















^0 


«i 


«i 


«. 


^4 





5 = 











«o 


«i 


«« 


«8 


<^i 




K 


bx 


b. 


*. 


^ 
















K 


bi 


^, 


*, 


^4 
















K 


*i 


^. 


h 


^ 
















k 


*i 


h 


^. 


b. 



is the coefficient-determinant of the equations 



«• 
«* 



«» 
«» 



/(*) = tfo «• + fli «» + a, jc* + (»,«» + d^** 

/(*) = «o** + «»** + ''«** + <»«** + «4* 

/(«) = *e«* + «i «* + «««* + a,af + «4 



(S) 



These eight equations may be regarded for our purposes as linear 
equations in the quantities x^^ jfi, ., . x, jfi. 

It was observed by B^zout in the last century, that certain linear 
combinations of these equations lack the terms ;r^, jfiy ;r*, x^^ as will 
now be shown. 



Let f{x) = a^x^ + axcf + a^o^ + a^x + a^ 

= x^ (a^) + (aix* + atx* + a^x + rz J = ^ -r^^ + B^ 
= ^(^0^ + ^1) + (^2^* + «s* + ^4) = ^ ^1 + -^8 
= ** (^0 ** + dfi :c + fla) 4- (tfg* + tfj = •'^ -^a + -^1 
= X {a^sf + axC(^ + a^x + a^ + «4 ^ xA^ + B^ 

and, similarly, 

<^(:c) = **C; + Z>3 = Jt:*Ci + A = **C8 + A = xC^ + D^ 

where the indices denote always the degree in x. 
Now the equations 

-C^f{x) + A,4^{x) = 
-C^f{x)+A^4^{x) = o 

'-C,f{x)+A,4>{x) = oJ 



(6) 



(6) 



(7) 



are, on the one hand, linear combinations of the eight equations (5) ; 
on the other hand, they contain only the terms ;r*, x^^ jr, :fi. 
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Proof. The four equations may be written 



(8) 



On the other hand, replacing f{x) and ^ (;r) in equations (7) by 
their values (6) in reverse order, we have 



,3 M^^-Y A^D^ — o 



-CiBi + A^Di = o 

C1B2 + AiDi= o 

•C,B, + A^D, = o 



(9) 



and the indices show that none of these equations can be of higher 
degree than the third. 

Similarly we may derive four equations containing only the powers 
x^, x^, x^, x^. Such are, namely, the equations 



X in,/(x)^B,<l>(x)^ = o 
D,/(x)-^B,<l>(x)] = o 

for they may be written, on the one hand, 



d^x^.A^) -a^x*.4^{x) 

^2^'A^)-^^»^^-AJ^)'^^4^'A^) -fl3X'.0(x)-/l,x3.0{x)^4X.^(jr) 

h^ 'A')+h^^'A^)i-h^'A^)i-^AA^) '-^i^'^'9M-<'i^''1>{^)-*h''1>i*h 
on the other hand, by means of (6), 



(10) 



=0 
=0 
=0 



(■') 



X* [— C, £t + Ax A] = o 



(12) 



In order to obtain an analogous group of four equations containing 
any four consecutive powers of x, it is only necessary to combine the 
previous results. The equations containing x^, jr*, j^, x, are these : 



* [- Ci/(*) + y/, ^ (*)] = o 



(13) 
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* [-Co/(*)+^.<A(*)] = oJ 
and those containing 3^, a:^, j^, yfi, 

*'[-Co/(*)+^o«^(*)] = o 
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(14) 



(15) 



It appears by equations (9) and (12) that the five systems of equa- 
tions (7), (10), (13), (14), and (15) differ from one another only in the 
exponents of x, and have thus all the same coefficient-determinant, 
which we shall denote by 



Transition to Matrices. 

From these related systems of equations the general theorems pre- 
viously enunciated lead to corresponding relations between matrices. 
The equations (7) or (8) are derived, namely, by linear combination 
of the equations (5), the quantities x^, jfi, ;r*, and ;r* being thereby 
eliminated ; applying the second part of Theorem IV., we have 



JP = A X 5. 



1234' 



that is, 



^ = 



*. 













^400 





/'I 


-^0 










^3 «4 





b. 


-b. 


-^0 







^2 «a ^4 





«0 











X 


ai a^ a^ 
b^ 


^4 



«1 


«o 










b, b,o 





«. 

«» 


ax 
^2 





^0 




bt b^ b, 
b, b^ b. 






(16) 



Similarly, the group (11) or (12), since jfi^ ^t ^> ^ have been elimi- 
nated, leads to the equation 
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b. 


b. 


h h 




^0 ^1 ^« ^ 


o 


b. 


^ b^ 




O ^0 ^1 ^1 


o 


o 


K h 




O O ^0 ^1 


o 


o 


o b. 


X 


o o o ^0 


«4 


-«8 


— flr, — Ji 


^0 ^1 ^« ^8 


o 


-«4 


-«3 -«s 




O ^Q ^1 ^8 


o 


O 


-^4 -^% 




O O ^0 ^1 


o 


o 


o -a. 




O O O ^0 



(10) 



and, corresponding to the groups (13), (14), and (15), we have the inter- 
mediate products, 



Jf= 



— *o 




a^a^o 




0—^0 




tf8«8«40 




0—60 




010,08 04 


-^1 —^0 




^8 ^S ^4 ^ 




0-^— *o 




ai as ^8 ^4 




^4 ^ ^ 




00 0108 08 


-^1 — ^i — ^0 




fll ^ tfj 04 




^4 ^8 




00^1 ^Ts^s 




^4 ^ 




0o0i0| 


^4000 


X 


a^aiO^a^ 





^4 


X 


00 0108 





^4 


X 


0001 


af^ 




^3 ^400 




00 




*8 ^ *4 




00 




*1*8*8^4 


ai Cq 




*,*8*40 




ax aQ 




*1^8*8^4 




-04-^8— «a 




^0^^8^ 


tfg Oi 00 




^*8^^ 




— <I4-^ 




^0^1*8^8 




—04 --08 




0^0*1^ 


— <l4 000 




^o^i^d 




-«4 




b^b^ht 




—04 




^0^1 



(16) 



These five product values of R are given in full, because on them 
depend the further results to be obtained. It will be observed that the 
second factor in every case consists of four consecutive columns of S, 
Moreover, by the last sentence in Theorem IV., it appears that in 
every case the matrix of the other four columns of 5 and the first 
factor are corresponding matrices. Such are, for example, 



b. 











b. 


-b. 








b» 


-b. 


-h 





b» 


-bi 


^^1- 


-bo 


"0 











«i 


«0 








a. 


ai 


^0 





«. 


«8 


ai 


«0 



and SiTTi = 



^0 ^1 ^« <*$ 

o ^0 ai a^ 

00 a^ Ox 

o o o tfo 

^0 bx bi b^ 

o b^ bx bi 

00 bf^ bx 

o o o b^ 



as may be readily verified by means of the equation of Definition II. 
These two corresponding matrices bear a very marked resemblance 
to each other. In fact, each arises out of the other by reversing the 
order of rows and of columns, and by changing the signs of the ^s. 
With the corresponding matrices, 
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o ^b^ o o 

O ^bl — ^y o 



o 
o 
o 



o 
o 



o 
o 

o 



o 
o 
o 

o 



and 



^0 


^l 


^2 





^0 


fli 








tf 








a^ 


K 


^ 


bi 





h 


bi 








bo 








6, 



= S^-, 



the mutual relation of form is somewhat more complicated, but still 
definite and intelligible, although not easy to formulate. We shall say- 
that either matrix arises by inversion of the other, and shall use the 
process of inversion to derive a matrix corresponding to a given matrix 
having the form of one of our five factors, J. 

The results thus attained may be summed up as follows. 

Theorem V. To the matrix obtained by omitting any n consecutive 
columns of the determinant S of order 2 n corresponds a matrix ob- 
tained by inversion of the one taken. The new matrix multiplied by 
the matrix of the n consecutive columns of 5 gives a determinant R 
of order w, which is in every case the same. The determinant R may 
thus be represented in (« + i) ways as the product of two matrices, 
each of n columns and 2 n rows. 



Relations between R and 5. 

By means of the product values of R it will be proved : 

1. Thati? = 5. 

2. That every first subdeterminant of R is equal to a second sub- 
determinant of 5. 

I . Proof that R = 5. The first part of Theorem V. enables us 
to apply to any of the five product values of R in equations (16) 
Theorem III. We have, for example: 



R^ 



o-h 










a^ a^ 




^0 ^1 ^2 ^ 


a^ a^ 


—bx' 


-K 







a^ a^ a^ 




^0 til 


^2 ^3 a^ 


—^2- 


-b,- 


-^ 




ax a^ a^ a^ 




^0 


ax ^2 ^8 ^4 


b, 








X 


«o ^1 ^« ^8 




^4 


^0 «i ^i ^3 


a^ 








b^ b^ 




K ^1 h 


b^ b^ 


ax 


^0 







^2 ^8 ^4 




^0 ^1 


bi b^ b^ 


Oi 


«i 


^0 




b\ b^ b^ b^ 




^0 


^1 b, b, b. 


«, 










b, bx b, b. 




^4 


bo bx b^ b^ 



(17) 
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\ being the ratio between corresponding determinants of the corre- 
sponding matrices 



o — ^0 o o 
o —bx ... 



— a, GOO 



and 



^0 *i ^% ^ 



o a^ 



O O O ^4 



We have 



X = 



o 


^0 o 





o 


ax ^0 


o 


o 


^2 a\ 


«0 


^4 


o o 


o 



«0 


^1 


^2 


o 


o 


«0 


«l 


o 


o 


o 


^0 


o 


o 


o 


o 


Ok 



< «4 



= I ; 



and since the determinant in (17) coincides with 5 on transferring the 
fourth column to the end, we have 

2. First Siibdeterminants of R, Theorem I. and equations (16) 
enable us to apply the same principle as above to some of the sub- 
determinants of R. 

Example. Theorem I. applied to the first of equations (16) gives 



/?! = 

8 



O 

-b. 



o o 

C/Q O O 

-^2 —bx — ^0 
000 

tfn O O 

^n O 

^0 



i»0 





a^ 




flg 




dr, tf ^ 


X 


^1 <^S ^4 

^400 




^3 




b^ b^ 




bi b, b. 



The definition equation (3) shows that the first and fifth rows of both 
matrices have no effect on the product ; that is, 



^i = 



bo o o 
bi —^0 o 
^2 —^1 — ^0 
a^ o o 
o 



^« 



^2 ^1 ^0 



X 



fl, o o 
^S ^4 O 

^1 ^8 ^4 
^300 

^a ^4 o 
bi b^ b^ 



Digitized by 



Google 



Application of Certain Determinant Theorems, 



331 



The first factor is of the same form as the original factor in R\ 
therefore inversion leads to a corresponding matrix, and we have by 
Theorem III. : 



where X = 





«0 «1 ^2 


a^ 




<7o ax 


at a^ 


-^1 = A 


ao 
h h b^ 


ai a, a^ 

^8 




b^ bi 


bi b^ 




b^ 


bi b, b. 



«o 








ai 


«o 





a% 


ai 


^0 


«o 


ax at 





«o ^1 








^ol 



The new determinant may be obtained from 5 by omitting the fifth 
and eighth columns and the fourth and eighth rows, or by omitting the 
first and sixth columns and the first and fifth rows. That is, 

-^1 = •Sis = S\i 

In general for Ri^ we have only to choose such a product formula from 
(16) that the omission of the /-th column from the first factor shall leave 
two rows of zeros ; the omission of these rows and of the corresponding 
rows of the other matrix gives a product to which Theorem III. is 
applicable. The determinant finally obtained arises from 5 by omis- 
sion of the first and fifth rows and the first column, or of the fourth 
and eighth rows and the eighth column, and, in each case, of a second 
column whose number depends upon i and k. All such determinants 
are contained in the matrix 



1 8 



^0 ^1 ^8 a^ a^ o o 

o a^ ax a^ a^ a^ o 

o o a^ ax a^ a^ a^ 

bo bx bi b^ b^ o o 

o b^ bx bi b^ b^ o 

o o bo bx bi b^ b^ 



(18) 



we have, for example, 



Rx = Sf-' 
The above process leads in the general case to the formula 

R, = 5' 



H — t+» 



(19) 



In view of the simplicity of method and complexity of detail of the 
general case, only the following additional example need be given. The 
third product value of R leads to the equations 
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A = 



O 




«8«40 












o—h^ 




o^agO 




—^0 




^3030 




o —di — ^Q 




aia^a^ 




—di —Sq 




aio^a^, 




^400 
000 




= 


^400 
^0 


X 


ao tf 1 ''s 


= x 


^0 


^2^,0 




Oi Oq 




^A,^, 




<i| ao 


h ^2 ^4 




— ^4 




*o *i ^3 




—a^ 




^0^1 ^a 













O ^0 O ^1 ^ ^4 
0^4 ^o^ZiOs 
^0 ^1 O ^3 ^g O 
^Q O ^1 ^2 ^4 
O O ^4 ^0 ^1 ^3 



o HQaio^a^o 
o O aQaia^a^ 
Bq bi bnb^ o o 
O bQ bi bi ^4 o 
o O bQ bi ^3 ^4 



= ^1 



in accordance with (19). 

For « = 4, (19) leads to the equations 

^4 

1 

JP, = ^. 

1 2 

J?j = -^3 = -^4 

1 a s 

ip, = ip, = ip, = ^, 

1 s s 4 

^1 = ^2 = ^8 
1 S 4 

9 4 

^1 






Theorem VI. The determinants i? and 5 are equal. Each of the «* 
first subdeterminants of R is equal to one of those (2 « — i) second 
subdeterminants of 5 contained in the matrix S^ = S\inAr\ = •^^»f»i as 
expressed by equation (19). 

The same method may be applied to some of the second subdeter- 
minants of R^ but not to all. A treatment of this case, as well as 
proofs of the general theorems above used, is to be published in the 
Sitsungsberichten der Erlanger physikaL medicin. Societat. It may be 
added, that whatever is new in the present paper is largely due to the 
suggestions of Professor P. Gordan of Erlangen. 
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THE PRECIPITATION OF MANGANESE AS AMMONIUM 
MANGANOUS PHOSPHATE. 

BY ALEXANDER G. McKENNA. 

In the determination of manganese in iron ores, it is customary to 
precipitate the manganese as dioxide, after separation from the sesqui- 
oxides by the basic acetate process, by adding bromine to the filtrate 
from the acetic acid precipitation. The manganese thus thrown down 
may be ignited and weighed as manganese proto-sesquioxide, but the 
results are inaccurate from two causes. Manganese dioxide when pre- 
cipitated in the presence of sodium or potassium salts always carries 
down with it some alkali, which appears to be chemically combined 
with the manganese, since it cannot be removed by the most prolonged 
washing with water.^ 

This source of error can be avoided by using ammonium acetate in 
the basic separation, but in this case the solution must be made alkaline 
before manganese can be precipitated by bromine, and the separation 
from calcium is then rendered less sharp. 

Another objection to the determination of manganese based on the 
ignition of the precipitated dioxide is the uncertainty of the resulting 
oxide, which is generally assumed to be Mn304. Pickering ^ has shown 
that the percentage of manganese in this oxide varied between 69.69% 
and 75%, according to the temperature of ignition and other causes. 

It is now customary to redissolve the manganese dioxide in hy- 
drochloric acid, and then precipitate it as ammonium manganous 
phosphate. The precipitate is ignited and weighed as manganese 
pyrophosphate. This method of determining manganese, which we owe 
to Dr. Wolcott Gibbs, is now generally admitted to be the most accu- 
rate as well as the most easily performed of all the methods of determin- 
ing manganese. It has been variously modified by many chemists, but 
none of these modifications seem to possess any advantages over the 
original process as given by Dr. Gibbs. 

The following work was undertaken at the suggestion of Dr. T. M. 
Drown, to determine if some of the proposed changes in the details 

^ See Wright and Menke on Manganese Dioxide, in the Journal of the Chemical Society 
for 1880, p. 23. 

« Chcm. News, Vol. XLIII. p. 226. 
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of the process were of any advantage in simplifying the method or 
enhancing its accuracy. 

Two solutions of manganous chloride were prepared, and measured 
portions were taken for precipitation. In the first method, Gibbs's 
original directions were followed.^ The precipitation was made in a 
platinum dish, by adding a solution of sodium hydrogen phosphate 
in excess. The white precipitate which formed was dissolved in hydro- 
chloric acid, the solution heated to boiling, and ammonia added in ex- 
cess. The solution was now boiled for ten minutes and allowed to 
stand near the boiling point for one hour. It was filtered hot, and 
washed with hot water. 

In the second method, Blair's ^ directions were followed. The solu- 
tion was made acid with hydrochloric acid, an excess of sodium hydro- 
gen phosphate added, the solution brought to boiling in a platinum 
dish, and ammonia added drop by drop, with constant stirring, until 
further addition of a drop of ammonia made no change in the silky 
character of the precipitate ; a dozen drops more of ammonia were 
added, and after boiling a minute longer the solution was cooled in ice 
water before filtering. The wash water used was made by dissolving 
ten grams of ammonium nitrate in lOO c.c. of slightly ammoniacal 
water. 

The chief object in view in the third method was to discover if there 
is any valid objection to making the precipitation in glass, and also to 
determine the length of time required for complete precipitation. To 
the solution of manganese salt in a beaker, hydrochloric acid and so- 
dium hydrogen phosphate were added. The solution was heated to 
boiling, and 20 c.c. ammonia water added. The boiling was continued 
three minutes, with constant stirring, which is absolutely necessary to 
prevent bumping. The wash water used was made by adding one vol- 
ume of ammonia (sp. gr. 0.96) to three volumes of water. Following 
are the results obtained in this series of analyses. 

> Am. Journal of Science [II.], Vol. XLIV. p. 216. 
^ The Chemical Analysis of Iron, p. 93. 
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Comparison of Results obtained by the Three Methods. 





Gibbs's Original 
Method. 


Blair's 
Meihod. 


Precipitation in 

Glass and washing 

with Ammonia 

Water. 


Weight of Manganese Pyrophosphate 
obtained, first Solution 

Do.» second Solution 


Grams. 
( .4990 

( .4996 

.0897 


Grams. 
.4997 

.4992 

.0896 


Grams. 
.4994 

.5007 

.0894 



Three more determinations were made by precipitation in glass, but 
the precipitates did not become crystalline in three minutes, and the 
washings were turbid. 

The manganese precipitates after ignition were examined for silica, 
but none was found. 

This set of Experiments seems to show that essentially the same 
results are obtained by following either Gibbs's or Blair's directions; 
also that glass is not attacked by the solution in three minutes* boiling, 
but that this time is not always sufficient to insure the complete con- 
version of the precipitate to the crystalline form which is necessary 
before filtration. 

Another series of experiments was made in the same manner, but 
with a different amount of manganese. 

Second Series of Results. 





Gibbs's Method. 


Blair's Method. 


In Glass 
as before. 


Weight of Manganese Pyrophosphate 
obtained 


Grams. 
.2415 

.2427 

.2408 

.2432 

.2355» 


Grams. 

.2432 
.2432 
.2385 

....1 


Grams. 
.2412 

.2427 

.2425 

.23871 





These results confirm those in the first series, and indicate the neces- 
sity of having the precipitate thoroughly crystalline. 

1 Not crystalline. 
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The amount of manganese in the filtrates and washings of each set 
of these experiments was determined, (except in those cases where the 
precipitate was not crystalline,) with the following results. The total 
volume of the filtrate and washings was in each case about 300 c.c. 

Solubility of the PRECiprrATE. 





Gibbs's Method. 

Washed with 

Water. 


Blair's Method. 

Washed with 

Dilute Ammonium 

Nitrate. 


InGlan. 

Washed with 

Dilute Ammonia. 


Filtrate contained Metallic Manganese 
Washings contained Metallic Manganese 


• 
Average Gram. 

.0005 
.0005 


.00(H 
.0012 


.0003 



In order to determine the relative values of the three wash waters 
under precisely the same conditions, about three times the usual 
amount of manganese was precipitated by Gibbs's method, and the 
precipitate was divided into approximately equal parts by pouring 
alternately on three filters. The precipitate in each filter was washed 
thirty times, 7 c.c. of wash water being used each time. 

The following results were obtained in two experiments. 

SoLUBiLrrv of Precipftate. Second Series. 





In Hot Water. 


In Ammonia (i : 4X 


In Ammonium 
Nitrate. 


Washings contained Metallic 
Manganese ....... 


Grams. 
^ .0012 

\ .0018 


Grams. 
.0019 

.0016 


Grams. 
.0024 

.0014 



These results show that, if there is any preference, it is in favor of 
hot water. 

On washing with ammonia water the precipitate is changed in color 
to a dark gold, which change does not occur with either of the other 
wash waters. 

Another set of nine determinations was made in glass by boiling the 
solution, with constant stirring, for eight miuutes, or until the pre- 
cipitate seen through the walls of the beaker had a peculiar silky 
appearance, resembling that of mercurous chloride when precipitated 
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Grams. 


Grams. 


Grams. 


.2450 


.2445 


.2450 


.2445 


.2443 


.2445 


.2440 


.2443 


.2442 
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from a mercuric salt by stannous chloride. The precipitate was washed 
with hot water. 

Results of PRECiprrATiON in a Beaker and Washing with Hot Water. 



Weight of Manganese Pyrophosphate 
obtained 



No silica could be found in any of the precipitates after ignition. 

In one experiment iron was present in small amount with the man- 
ganese. The precipitated phosphate had a beautiful gold color, and 
on being washed with dilute ammonia dissolved gradually in the wash 
water, giving a brown-colored filtrate. Continued washings showed no 
diminution in the amount dissolved. On standing exposed to the air 
for several hours, a brown precipitate settled out from the wash water. 
This would seem to indicate the formation of some double salt of man- 
ganese and iron, which is soluble in ammonia when an excess of an 
alkaline phosphate is not present.^ 

Mass. Institute of Technology, 
May^ 1890. 

* Since the above was written, there has appeared in the School of Mines Quarterly, 
Vol. XI. No. 4, a paper on the same subject, by Mr. R. C. Boyd, which confirms, in general, 
the results given above. 
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THE DATA OF FILTRATION. — \\, ON CRENOTHRIX 
KUEHNIANA {RABENHORST), ZOPF} 

BY WILLIAM T. SEDGWICK, Associate Professor of Biology. 

The object of filtration is purification. This, partial or complete, is 
also ordinarily the result of filtration, whether it be effected through 
longer or shorter reaches of soil, as in the natural filtration of the 
ground waters into wells or springs, or through artificial sand filters 
worked either intermittently or continuously. There are some cases 
on record, however, in which the filtrate, or effluent, thus obtained, 
instead of issuing pure and clear, and remaining so, has speedily be- 
come contaminated with an unsightly and sometimes ill-smelling vege- 
tation of an unusual form and highly peculiar character, namely, a 
luxuriant growth of the ** Well-thread," Crenothrix KUhniana (Rab.), 
Zopf. A recent attack of this singular plant in the water service of 
Rotterdam, in Holland, and its presence in certain water supplies of 
Europe and America, serve to make it of special interest at the pres- 
ent time, particularly to those engaged in the study of the principles of 
filtration. Crenothrix is interesting to the biologist also. Its striking 
habit of depositing the oxide of iron in its highly developed sheaths, 
and especially its vital dependence upon certain salts of iron ; its size, 
perhaps the largest, among the bacteria, the smallest of living things ; 
its faculty of leaving its outgrown shell, or sheath, after the latter has 
become a hindrance ; the history of its shifting fortunes for a recognized 
place among the lower fungi; its absence from water perfectly purified, 
and its occurrence in water imperfectly purified, by filtration ; — all of 
these tend to surround Crenothrix with peculiarities which excite the 
interest of the investigator. * 

The immediate cause of the present paper is a recent Report upon 
this and other organisms living in the underground portions of the Rot- 
terdam Water Works, — a report published by Professor H. De Vries of 
Amsterdam, the well known botanist, who has directed a biological 
investigation, ordered by the authorities of Rotterdam, into the causes 
of an appearance of Crenothrix in the drinking water of that city. But 
quite apart from this recent attack, Crenothrix deserves close attention 

1 This paper was read, in part, before the Society of Arts on October 9, 1890. 
[Copjrrighted, i8gi, by William T. Sbdcwick.] 
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for what it has done, and is still doing, elsewhere. Moreover, it is more 
than likely that the success or failure of the continuous filtration of 
drinking water may largely depend upon our ability to forestall the 
development of Crenothrix in the effluent. In any event, we shall do 
well to bring together the facts that we have already at hand concerning 
Crenothrix, inasmuch as these are widely scattered, and accessible only 
to specialists. 

Since Ehrenberg, the first biologist to bring the achromatic objective 
to bear upon the micro-organisms, botanists have observed in various 
natural waters brownish thread-like vegetable forms of extremely simple 
structure. New genera and species were speedily formed to receive 
them, and even previous to 1850 two of these genera were well recog- 
nized and known as Leptothrix and Hypheothrix. The former was then 
described by Kutzing as consisting of very slender filaments^ free ^ with- 
out branches and without sheaths, the latter oi filaments, unbranched, but 
covered with sheaths. 

Our plant appears to have been first observed by Professor Julius 
Kiihn in 1852, in a drain pipe leading from the reservoir of a garden 
in the vicinity of Bunzlau (Silesia), and was soon after named by 
Rabenhorst in his honor, Leptothrix Kuhniana. Under this title it 
appeared in Rabenhorst's " Algae of Saxony and Central Europe." In 
1865, however, Rabenhorst briefly described it, in his "Fresh-water 
Algae," as Hypheothrix Kuhniana, as follows : " Hypheothrix Kuhniana 
(^Leptothrix Kuhniana, Rabenhorst). Scattered Hypheothrix, inter- 
woven either closely or loosely, contaminated and colored with the 
oxide of iron. Trichomes (filaments) slightly curved ; palely aerugi- 
nous; indistinctly articulated; in places interrupted; having thick 
sheaths, folded and colorless. Diameter of the filaments o.oooi- 
0.00012", Habitat, in drain pipes. First discovered by J. Kiihn." ^ 

In March, 1870, Professor Ferdinand Cohn, of Breslau, received for 
microscopical examination samples of water from a well located in a 
district of the city notorious for t>''phoid fever. Aside from a not 
uncommon turbidity, these waters contained small brownish yellow 
masses floating about in considerable numbers in flocks from one to 
two millimeters in size. After some time these settled to the bottom 
and formed themselves into larger flocks, which were found to be 
composed of the colorless filaments of an alga. The examination of 
fresh samples of water from the same well, and of samples from other 
wcills in and about Breslau, revealed the presence of the same organ- 
ism, so that Cohn was convinced that it was *' a form very widely 

' Rabenhorst, Flora Europaea Algarum Aquae dulcis, etc., Bd. II. p. 88, Leipzig, 1865. 
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represented in well waters." Moreover, since it appeared to belong 
to an entirely new genus and species, Cohn proposed to call it the 
Brimnenfaden^ i. e. the " Well-thread," and, turning this into more 
technical language, he proposed to establish for it a new genus, Cre- 
notkrix. Finally, Cohn made a thorough study of the life history of 
Crenothrix, and, finding but one kind, in which there was also an 
abundant and peculiar spore formation, he proposed for it the specific 
name of polyspora. These facts, and many more, are recorded in his 
well known paper on Crenothrix.^ 

Crenothrix in the Berlin Water Supply. 

In 1878 there appeared in the Tegel water supply of Berlin, Germany, 
a serious contamination in the shape of a flocculent yellowish-brown 
substance, which, when the water was allowed to stand, settled to the 
bottom of the vessel containing it. The investigation of this contamina- 
tion was referred by the government of the city, through Professor Vir- 
chow, to Professor Oskar Brefeld and Dr. W. Zopf, whose reports ^ form 
an important contribution to our knowledge of Crenothrix, and are es- 
pecially interesting as a study of the first " water calamity " of magni- 
tude, in which the evil was definitively traced to this organism as a cause. 
Examination soon revealed the fact that the yellowish brown flocculent 
masses were composed chiefly of Crenothrix. This was especially 
abundant in the reservoir, though present in the water of all the wells 
from which the supply was derived, as well as in the service pipes in the 
city itself. The report was summed up as follows : ** The principal 
part of the contamination is Crenothrix, which lives in the water as its 
natural soil, and, by means of invisible germs, is able to develop and 
multiply, thus producing visible masses." The water of the lake 
(Tegel) itself, from the surface and from various depths, was free from 
Crenothrix, as was also the superficial layer of the lake bottom ; but 
in numerous wells in Berlin and elsewhere, in the reservoir at Charlot- 
tenburg and in other water works, as well as in unfiltered water from the 
river Spree, it was found in more or less abundance. Examinations of 
the soil showed that " the distribution of Crenothrix in the ground is not 

* F. Cohn, Ueber den Brunnenfaden {Crenothrix polyspora)^ etc. Beitrage rur Biologie, 
Bd. I. pp. 1 1 7-1 31. 

3 O. Brefeld und W. Zopf, Bericht an den Hohen Magistral der Stadt Berlin uber die von 
ihnen angefiihrten Untersuchungen des Tegeler Wassers, Berlin, 1879. W. Zopf, Entwicke- 
lungsgeschichtliche Untersuchang der Crenothrix polyspora, Die Ursache der Berliner 
Wassercalamitat, Berlin, 1879. 
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merely superficial ; on the contrary, its germs are to be found in water 
taken from the most various depths." Accordingly, the conclusion was 
drawn that " there is no reason to suppose that water drawn from a con- 
siderable depth would remain free from this contamination, since the 
germs of Crenothrix, which inevitably have access to such water, must, 
in all probability, develop in such wells, reservoirs, or pipes its charac- 
teristic flocculent vegetation." Inasmuch as it appeared to be com- 
pletely removed by filtration, it was, however, concluded that *' a degree 
of clearness and purity which constitutes an effectual removal of the 
contamination" can be thus obtained. 

In the course of his microscopical examinations — chemical analyses 
unfortunately are wanting — Zopf detected Crenothrix iii the water 
supply of Halle, and this organism was in turn identified by Professor 
Kiihn of Halle as the same which he had originally discovered in drain 
pipes at Gnadeborg, near Bunzlau, in 1852. This identification was 
further confirmed by comparison of the Crenothrix polyspora from 
Berlin and Halle with dried specimens of Hypheothrix {Leptothrix) 
KUhniana of Rabenhorst Accordingly, in his paper upon Crenothrix 
(op, cit^, Zopf suggests that in future this plant be known as Cretiothrix 
Kiihnianay Rabenhorst. This name, together with that of Zopf, who, 
as stated, has identified Crenothrix with Hypheothrix KUhniana^ Rab., 
is adopted by the editors of the latest edition of Rabenhorst's " Krypto- 
gamen-Flora," in which it is described provisionally under the genus 
Crenothrix, Cohn, as Crenothrix KUhniana (Rabenhorst), Zopf.^ It is 
also believed by Cohn and by Zopf that Radlkoper's Palmellina floccii- 
losay detected in certain wells in Munich (Zeit. fur Biologic, Bd. I.), 
is a special form of the same plant. 

Distribution of Crenothrix. 

In 1879 Zopf found that Crenothrix had been reported only in a 
single German province, namely, Silesia. Kiihn, Cohn, and Kirchner 
had reported it in that province alone, and only from drains, wells, and 
springs. Brefeld and Zopf found it abundant also in Brandenburg and 
in Saxony. Professor Kiihn found so much of it in the Halle water 
service that he recommended resort to new wells in a different local- 
ity as a source of the public supply. From these and other con- 
siderations, Zopf was led to suspect that Crenothrix would be found 
eventually to be much more common than had been supposed hitherto. 
To this opinion he was led, not only by the fact of its abundance in 

1 Kryptogamen-FIora, 2te Auflage, Bd. I. p. 67, Leipzig, 1884. 
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ground waters as far apart as those of Breslau, Berlin, and Halle, but 
also because of his discovery of Crenothrix in the unfiltered surface 
water of the river Spree. Zopf s suspicion of the wide distribution of 
this organism has been fully justified. It is now so well known and 
so much dreaded in Europe, that De Vries, in his recent paper, has 
called it ** the pest of water works." 

In the United States, Crenothrix is probably also common. It is only 
recently, however, that its presence has been widely recognized, and 
WoUe, in his " Fresh-water Algae of the United States," published in 
1887, refers to it as follows (p. 294) : " We are not aware that the plant 
was recognized in this country until recently, 1886. It was found in 
somewhat limited quantity near the inlet to Lake Chatauqua, New 
York, whence part of the water supply to the city of Jamestown, N. Y., 
^s taken." It appears to have been brought to his notice for the first 
time by Mr. George W. Rafter, who had detected it in abundance in 
the water supply of Jamestown, in 1886.^ It was also observed by 
Mr. G. H. Parker, Biologist to the State Board of Health of Massa- 
chusetts, in 1887, in the water supplies of Brookline, Watertown, and 
other places in Massachusetts, and it is now known to occur commonly 
throughout the State.^ In some cases it causes great annoyance (as, 
for example, in the Wayland water supply), while in other cases (as, 
for instance, in the Brookline supply), although it is present in small 
quantities, it does not appear to be noticed by the consumers of 
the water. 

From the facts already reported it is clear that Crenothrix has usually 
appeared in ground waters, although it was detected by Zopf in the 
river Spree. Brefeld and Zopf also conclude that it is able to live in 
the earth itself, and is actually present in the ground even to a great 
depth (60 feet). So far as I am aware, there is no case on record in 
which Crenothrix has given trouble in any purely surface water supply. 
It was found by Kiihn in drains : " I have found the plant in drain 
pipes in great quantities. It can, by itself alone, choke up drain pipes 
if these are too small in caliber in proportion to the volume of water. 
Drain pipes which run full for a long time are in danger of being 
choked by this plant if the quality of the water favors its develop- 
ment." ^ It was detected by Cohn in wells and springs ; by Zopf in 

1 G. W. Rafter, On the Fresh-water Algae, and their Relation to the Purity of Pablic 
Water Supplies. Trans. Am. Soc. Civil Engineers, Vol. XXI. p. 497, December, 1889. 

> Nineteenth Annual Report, State Board of Health of Massachusetts, pp. 89-94, Boston, 
18S8. 

' Quoted by Zopf, from a letter written to him by Professor Kuhn. Zopf, op. cit^ p. x8. 
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wells, reservoirs of well water, and in one case in a river, but was absent 
from the Tegel Lake and from filtered Spree (river) water. It was dis- 
covered by Rafter in the Jamestown, N. Y., supply, which is derived 
partly from wells and partly from Chatauqua Lake through a conduit. 
This conduit is about two miles long, passes through a swampy region, 
and is probably not perfectly tight, as it is said to have been ** loosely 
constructed." Its occurrence in Massachusetts is usually in water 
derived from wells or " filtering galleries," as, for example, in Brook- 
line, Watertown, and Wayland. 

In all of these cases we are obviously dealing with filtered water, since 
the waters of springs and wells are usually only surface waters naturally 
filtered. As stated above, however, Brefeld and Zopf were led to 
believe that filtration offers " an effectual removal of the contamina- 
tion." This is probably true, so far as a removal of the unsightly floe- . 
culent masses is concerned. But inasmuch as the source of Crenothrix 
appears to be somehow or other connected with filtration, as is indi- 
cated by its almost exclusive occurrence in great quantities, in ground 
(i. e. in filtered) waters, it is likely that this remedy would be in some 
cases merely a temporary one, particularly as the germs of Crenothrix 
are small enough to pass through many filtering materials. On the 
other hand, it is not unreasonable to suppose that the filtration of a 
surface water free from Crenothrix — inasmuch as by this operation 
such a water is virtually converted, more or less completely, into a 
ground water — may, in a certain number of cases, so alter the origi- 
nal composition of the water that it can support a luxuriant vegetation 
of Crenothrix. It appears, moreover, that this condition, with dis- 
astrous consequences, has in fact already occurred in some cases; and 
since this involves an unforeseen obstacle in the theory and practice 
of sand filtration upon a large scale, it cannot be too carefully con- 
sidered. 

The most noteworthy case of this kind is that already referred to as 
having occurred in Rotterdam, Holland, in 1887, and later. It is fully 
reported in an admirable paper by Hugo De Vries, Professor of Botany 
in the University of Amsterdam.^ What immediately follows is taken 
almost literally from De Vries's Report. 

1 H. De Vries, Die Pflanzen und Thiere in den dunkeln Raumen der Rotterdamer Was- 
serieitung. Bericht iiber die Biologischen Untersuchungea der Crenothrix-Commission zu 
Rotterdam, vom Jahre 1887, pp. 1-55, Jena, 1890. 
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Crenothrix in the Rotterdam Water Supply. 

The Water Works of Rotterdam draw their water from the Maas, 
and clarify it by means of sand filtration after most of the sediment of 
the river has settled on standing. 

Since their establishment, in 1 874, these works have furnished a clear 
and sufficiently satisfactory water, until suddenly, in the spring of 1887, 
the so much dreaded Crenothrix Kuhniana appeared in great quanti- 
ties. This unfortunate phenomenon coincided with a considerable 
enlargement of the whole service. In 1886 thirteen new filters were 
made ready and put into use, having sixteen thousand square meters 
of surface, while at the same time the eight old ones, having an area 
of eight thousand square meters, were disconnected. 

The building of a new engine-house was in progress, but the new 
reservoir for filtered water was not yet ready, and the filtered water 
from the new filters had meantime to be conducted through the old 
conduits and the old reservoir to the old pumps. This extensive 
enlargement of the establishment was a consequence of the annually 
increasing consumption of water in the city. The original establish- 
ment (1874) was based on an estimate of a daily consumption of at 
most five thousand cubic meters. In 1887 the daily consumption had 
reached a maximum of forty-three thousand cubic meters, and in 1889, 
of about fifty thousand. For several years previous, the management 
had labored under an excessive demand, which neither allowed the 
river water the requisite time for depositing its sediment sufficiently, 
nor permitted the basins and conduits to be cleaned properly from 
time to time. The attack of Crenothrix referred to above was as unex- 
pected as it was sudden and severe, and the behavior of this bacterium 
in the water supplies of other cities aroused the fear that it would soon 
attain a far greater development, and would affect the purity of the 
water. 

In order to avoid this danger, as far as possible, in the summer of 
the same year in which the Crenothrix had appeared in a threaten- 
ing manner, a Commission was appointed by the city authorities, and 
requested to investigate scientifically the cause of the phenomenon, 
and, if possible, to recommend methods which should prevent an 
increase of the evil, and finally secure complete immunity from it. 
This Commission worked under circumstances which facilitated to an 
unusual degree a thorough scientific study of the problem. The impos- 
sibility referred to of cleaning all basins and conduits in a suitable 
manner had allowed the vegetation in them to develop to an extent 
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seldom witnessed by investigators. At the same time, the new filters 
and conduits lately put into operation served for comparison.. 

After the work of the Commission in the winter of 1887 and 1888 
had been finished, several questions still remained whose solution was 
desired for the completeness of the study. The continuation of the 
works on the new building, and especially the cleaning of the old 
basins and conduits, in 1889, afforded this opportunity. 

For the microscopical investigations, which were conducted by Pro- 
fessor De Vries and Dr. Dupont, a little laboratory was fitted up in 
the water tower which supports the high reservoir, and in the- base- 
ment of which is the reservoir of unfiltered water. This laboratory 
enabled them to investigate at once, for the most part, the samples 
taken from the basins and canals, and to observe the remarkable plant 
and animal life of the underground conduits, etc. in full activity. 

After these introductory observations De Vries divides that portion 
of his report which deals with Crenothrix into seven sections, which 
well illustrate the scope of his paper, as follows : — 

1. Crenothrix Kiihniana, the Pest of Water Works. 

2. The Appearance of Crenothrix in the City Water Works in 1887. 

3. The Vegetation in the Maas and in the Open Basins (of Unfiltered 

Water). 

4. Investigation of the covered Conduits of Unfiltered Water. 

5. Biological Considerations concerning the Life in dark Reservoirs. 

6. Crenothrix in the Reservoirs of Filtered Water. 

7. The Danger of Contamination of the Water before Filtration. 

The first section affords a convenient summary of our knowledge 
of the life history of Crenothrix as worked out by Cohn, Zopf, and, 
for a closely related form, still more recently by Winogradsky.^ It 
will be observed that Crenothrix is no longer considered to be an 
alga, but, instead, a fungus (Schizomycete), or one of the bacteria. 
Besides, it is included by Winogradsky as one among several giant 
bacteria which agree in a peculiar habit of acquiring incrustations of 
ferric oxide in or upon their sheaths. This habit of Crenothrix and 
other forms was observed many years ago; and Zopf was led to 
believe that the existence of the plant is absolutely dependent upon 
the presence of certain salts of iron. In this he has been confirmed by 

1 S. Winogradsky, Ueber Eiscnbacterien. Eotanischc Zcitung, Bd. XLVI. (1888), p. 26a 
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Winogradsky, whose designation of such forms as the ** iron bacteria " 
is certainly convenient. 

De Vries continues as follows. 



The Life History of Crenothrix. 

The iron bacteria are the largest forms in the whole group of bacteria. 
Although their cells are invisible to the naked eye, they are so united, 
end to end, as to form threads, or filaments, which in turn tend to 
make " flocks," or masses visible to the naked eye, often a millimeter 
and sometimes a centimeter or more in size. 

A good hand lens reveals the structure of the flocks very clearly, bi^t 
for a complete recognition of the character of the organisms a micro- 
scopical examination is required. This shows that the cells composing 
the filaments have, for the most part, a cylindrical form. The whole 
filament is enveloped by a sheath which is at first thin, but gradually 
increases in thickness. The most striking and the most characteristic 
property of the iron bacteria is their power of depositing in this sheath 
the oxide of iron (ferric oxide). Entirely colorless and transparent at 
first, they gradually become pale yellow, and then darker, until finally 
they are deep brown. At the same time their consistency is altered. 
They are at first flexible and soft, but gradually become hard and brit- 
tle. The thick, hard, dark brown sheaths are then no longer adapted 
to the life of the enclosed cells, and sooner or later are abandoned by 
them. The cells push themselves in single file out of the end of the 
sheath, or sometimes, partly sidewise, through chinks in the sheath. In 
the latter case, the thread appears to branch ; in the former, the es- 
caped bacteria continue the old sheath, and the new parts speedily 
undergo the same transformation as the old, whereupon these also are 
in their turn forsaken. In this way, long and occasionally branched 
sheaths are formed by a comparatively few cells, and the older, lower 
cells in the filaments composing the flocks are thus found lifeless and 
empty, with only their tips still living. A comparatively slow in- 
crease of the bacteria may thus be accompanied by a relatively large 
sheath formation. 

These organisms form their ferric oxide from the dissolved iron salts 
of the water, and especially from the most widely distributed of these 
compounds, the ferrous carbonate. Without soluble ferrous salts, 
their life cannot long continue. They thrive best in' those waters 
which contain iron rust in the presence of organic matter, since in 
such waters the formation of ferrous carbonate is incessant. In all 
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probability, the oxidation of the ferrous to the ferric oxide forms an 
important part of the vital processes of these cells, and the brown 
substance deposited in the sheaths is to be regarded, not as the 
refined product, but as the dross of the operation. In colorless 
sheaths which had been abandoned, in spots, by their cells, Wino- 
gradsky observed that the yellow coloration occurred only where the 
cells lay. Around the empty spots, the sheath contained no ferric 
oxide. Equally ineffective are empty sheaths, or such as contain only 
dead cells. 

Soluble ferrous salts form, therefore, an indispensable condition for 
the welfare of these organisms. In other respects, however, they are 
very easily satisfied. They are nourished partly by the ordinary salts 
dissolved in water, and partly by dissolved organic substances which 
originate in the putrefaction of vegetable and animal remains. On the 
other hand, traces of such compounds appear to suffice for them. 
Winogradsky cultivated them in a water to which only 0.005 to 0.0 1 
per cent of calcium butyrate or sodium acetate had been added. For- 
tunately, the normal content of our drinking waters in organic mat- 
ters is insufficient for their support; and when such waters have been 
freed by filtration from all suspended and decomposing particles, they 
no longer form a suitable nutritive medium for these, the so much 
dreaded enemies of water works. Most natural waters, however, be- 
fore filtration, are more or less favorable for the support of these 
organisms. 

Among the iron bacteria, Crenothrix Kiihniana, or Crenothrix poly- 
spora, the only species of the genus, is the commonest and the most 
important form found in water works. It appears to be a plant 
widely distributed throughout the world, growing chiefly or by prefer- 
ence in drain pipes, deep wells, and other badly lighted water cham- 
bers. It is due to its power of extraordinarily rapid increase that it 
often covers, in a few months after the introduction of its germs, or 
after the conditions for its nourishment have become favorable, the 
entire walls of the reservoir, of the drain pipes or conduits, with a felt 
as thick as a finger, of which single portions are soon sufficiently de- 
veloped to be swept along with every current as brown or blackish 
flocks. In this way it comes to pass that it is a real calamity in water 
works, making the water disagreeable for domestic use, and entirely 
unfit for many industrial purposes. 

In order to comprehend more fully how such a sudden increase 
takes place, we must consider somewhat more closely the structure 
and the development of Crenothrix. Both have been extensively and 
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thoroughly studied by Dr. W. Zopf, when the plant for the first time 
appeared in alarming quantities in a water supply. This was the case, 
as is well known, in Berlin, in 1878. 

The first method of multiplication depends upon the capacity of all 
the cells composing a filament, if they become isolated in any way, to 
develop each a new filament. When, for instance, the ceils free them- 
selves from their old rust sheath, and, before they form a new envelope, 
are broken apart by the current or by a blow, obviously we have sup- 
plied the germ for one or several flocks. But besides this, the plant 
possesses other methods of multiplication. In the thicker filaments 
the cells divide not merely transversely, as in the thinner threads, but 
also lengthwise. Thereupon each cell divides into two or four adjoin- 
ing cells. These latter separate and form the so-called microspores. 
In a filament in which this process has occurred, as soon as the cells 
have left their sheath in the usual manner, these microspores escape 
as innumerable entirely distinct masses, which speedily become scat- 
tered in the water. Each microspore, immediately after its escape, 
begins to divide. Division takes place in all directions, and a little 
cluster soon arises, composed of hundreds of cells. The sheath with 
which each cell envelopes itself changes in this case into a " slime " or 
jelly, which, however, becomes colored in the usual manner with the 
oxide of iron. By means of this ** slime " the whole mass is stuck or 
pasted to any part of the walls of the reservoir, or to any objects within 
it. After some time the course of development changes, and each cell 
of the cluster grows out into a filament. In some of these the cells 
divide transversely only, and form the so-called macrospores ; in others 
the above described microspores arise. 

The slime clusters, after they have developed into bundles of fila- 
ments, are the well known " flocks " of Crenothrix. These latter arise, 
however, more quickly in other ways far more favorable for their dis- 
lodgment. This occurs, first, when the microspores do not leave their 
sheath early enough, or when in this process some of the spores are 
left behind in the sheath. They then germinate inside the latter, and 
each, growing out into a filament, bursts through the old envelope. A 
whole bundle of such new threads can thus be connected, at their point 
of origin, by the old sheath. Secondly, there is often observed an ap- 
parent branching in such a way that innumerable cells have stuck fast 
upon an old sheath, and there germinated. Flocks of this sort formed 
the bulk of this contamination in the Rotterdam Wat<er Works. This 
sort of branching may be repeated so often that many flocks reach the 
size of a centimeter or more, as already stated. It is obvious that such 
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masses may easily be broken off from their brittle stalks, — the old 
dead sheaths, — and so join the current of water. 

Every cell may, therefore, by successive divisions, develop a new 
flock. If foods are present in sufficient quantity, the divisions follow 
one another rapidly. Moreover, each little filament forms, agam and 
again, new sheaths. From the most insignificant beginnings, a very 
extensive contamination of the water may thus occur within a short 
time. If we reflect, furthermore, how dilute are the solutions from 
which this plant is able to manufacture its foods, and that it lives 
quite as well in total darkness as in the daylight, it becomes clear that 
by all its peculiarities it is stamped as a veritable pest of water works. 

The foregoing summary of the life history of Crenothrix by De 
Vries is based upon the observations of Cohn, Zopf, and Winogradsky. 
Winter, in his systematic treatment of the Fungi,^ places Crenothrix 
provisionally at the end of the Schizomycetes, and gives the following 
brief characteristics of the genus : — 

" Crenothrix, COHN. 
** Filaments cylindrical, transversely divided into cells, slightly thick- 
ened and club-shaped above, sheathed. Increase takes place through 
the cells of which the filament is composed, which escape from the 
sheath and develop into new filaments. Reproduction by spores which 
are formed within the sheath through further division of the cells of 
the filaments. The spores either grow out into filaments directly, of 
through continued division form gelatinous colonies which later develop 
the filaments." 

The species is characterized by Winter as follows : — 

" Crenothrix Kuhniana (Rabh.), ZoPF. 

"Filaments occurring in whitish or brownish tufts, li-S /a thick, at 
the end widened to 6-9 /x; cells of the filaments of very unequal length. 
Spores 1-6 /A in diameter. In wells, drains, etc. 

" An often very troublesome fungus, since it contaminates water and 
chokes small pipes. The cylindrical filaments, slightly thickened and 
club-shaped above, are distinctly divided transversely into cells ; these 
afterward separate from one another, but even in that case soon become 
enveloped in a sheath which, colorless at the start, becomes yellow or 
yellow-brown through the deposit of iron. The sheaths, at first closed, 
are eventually burst open by the growing cells within, which pass out. 

' Rabenhorst's Kryptogamen-Flora, loc, cit 
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Every individual cell can develop a new filament. In other cases 
the filament remains enclosed in its sheath; its cells subdivide into 
short disks, which by vertical divisions break up into small ball-shaped 
cells. These may be considered to be the spores of the organism. 
Even within the sheaths they often develop into new filaments, which 
penetrate the jelly-like swollen sheath, or they may leave the sheath 
and develop entirely without it ; either growing out into filaments, or by 
continued division forming larger or smaller colonies of roundish cells, 
which are held together by the gelatinized membrane. These colonies 
are known as the Palmella form \Zodglasa, Cohn], and are probably 
equivalent to Palmellina flocculosUy Radlkofer. Each of these cells, 
again, is able to form a new filament." 

Appearance of Crenothrix in the Rotterdam Water Service. 

After the Berlin water calamity had given the incentive, Crenothrix 
was sought for in the water supplies of other cities, and in 1882 was 
observed in Amsterdam, and the next year in Rotterdam, in insignifi- 
cant quantities, however, and only on certain days of the year. Since 
that time it has increased regularly in Amsterdam, although not to such 
an extent that the inhabitants have made much complaint. In Rotter- 
dam it remained very scarce until the spring of 1887, although it was to 
be found every year in the water supply during the hot months ; but 
during the spring of 1887 numerous complaints came to the manage- 
ment of the water works because of the impurity of the water, and 
the Director thoroughly demonstrated the presence of considerable 
quantities of Crenothrix, as well in the service pipes of the city as 
in the conduits and reservoirs of the works. The evil increased per- 
ceptibly with the increasing warmth of summer, and in June of the 
same year led to the appointment of the Commission of Investigation 
mentioned above. 

The first task before the Commission was to convince itself of the gen- 
eral distribution of the iron bacteria in the service pipes of the city. 
For that purpose water was drawn from the mains through the hydrants 
at twelve places as far as possible from each other. The result was, that 
by thorough flushing a brown sediment was forced out of the pipes, 
which had accumulated particularly in the so-called " dead ends." 
After the removal of this sediment, and after further daily flushing of 
the portion of the pipes in question, the water could clearly contain 
only the flocks carried directly with it, but even in this case there was 
often a not inconsiderable quantity of these. The microscopical exami- 
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nation of this deposit showed that it was composed for the most part 
of the filaments and sheaths of Crenothrix. The filaments were to be 
found in great quantities, alive, in all stages and forms of development ; 
the sheaths were, in general, empty and abandoned, often broken to 
pieces or changed into' a slimy mass filled with granules of ferric oxide, 
and given over to putrefaction. 

Putrefactive bacteria and infusoria, in enormous quantities, dwelt in 
this substratum. Besides these, remains of plant and animal origin 
were found, which indicated with much probability a contamination of 
the filtered water from other sources, and furnished the first foothold 
for the investigation of the water works. 

As was to be expected, the brown flocks, which, without being 
deposited, were carried along in the water, consisted for the most 
part of Crenothrix, accompanied here, as in the sediment, by another 
iron bacterium, Cladothrix dichotoma. Since these species, however, 
occur together in nature, as well as in other water works than these, 
this phenomenon is nothing remarkable. 

There can be no doubt that the flocks borne along in the service pipes 
continue to grow. In the flowing water they clearly find no time to 
increase perceptibly, but in the deposits, in places where the water is at 
rest, this may take place. Whether the Crenothrix had fastened itself 
to the inner walls of the pipes and there increased to a harmful extent 
was not learned, although it was by no means unlikely. 

The problem was narrowed somewhat by the following consideration. 
An extensive increase of Crenothrix can obviously only take place 
where, on the one hand, the spores of this plant exist, and on the other, 
where the necessary food materials are present. Now the water of the 
Maas contains a small amount of organic substances in solution, but 
this quantity is much too small for the nourishment of iron bacteria. 
Without the addition of organic compounds they thrive no better in the 
unfiltered water of the Maas, than in the filtered water of other rivers. 
The suspended detritus of vegetable particles ofi*ers to them, however, 
in unfiltered water, a source of nourishment, and fallen leaves, dead 
water plants, and remains of water animals, are for them the most 
favorable soil. 

Apart from the question whether any one will ever succeed in making 
a sand filtration so perfect that never, from time to time, in certain 
places, can bacteria and their germs slip through, we can at any rate 
assume that by proper filtration the most important sources of nourish- 
ment for Crenothrix will be withheld, and that the filtered water will 
not be able to support it. This idea is confirmed partly by a con- 
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sideration of the second water supply of Rotterdam, partly by the 
experiments conducted in Berlin. 

Delftshaven originally had its own water works. In 1886 it was 
absorbed by Rotterdam, and its small filtering establishment, operating 
only two filters, was brought under the direction of the Rotterdam 
Waterworks. The water is drawn from the same source, namely, the 
Maas, and is therefore exposed to the same sources of contamination. 
Nevertheless, Crenothrix has never been observed in its service pipes, 
and the commission did not succeed in finding it there, in spite of 
careful investigations. It follows from this that filtered Maas water 
can be kept uncontaminated by this pest, even in the case of filters 
which have been operated for years. 

Again, the Berlin "water calamity" of 1878 has been completely 
overcome by the sand filtration instituted at the Lake Tegel Water 
Works in 1883. Even during the following year (1884) a considerable 
improvement was observed, which was explained by a gradual flushing 
of the pipes freer from the previous accumulations of Crenothrix. In 
1886, the iron bacteria appear to have entirely disappeared from the 
service. In 1885, they were still observed in certain places in the city, 
but never since. It was accordingly assumed that afler proper filtra- 
tion the brown flocks would disappear from the Rotterdam system. 
A thorough investigation of the condition of the service pipes was 
therefore not considered necessary. 

From another point of view, the Commission felt at liberty to limit 
its investigations. Brefeld and Zopf had concluded from their study 
of earth samples, as recorded above, that Crenothrix grows ''widely 
distributed in the water of the earth." They arrived at this conclu- 
sion from microscopial examination of the material obtained from 
borings carried to the depth of thirty to sixty feet, at the Tegel Water 
Works. Since active green algae are reported by Zopf to have been 
seen in the same materials with the Crenothrix, and these obviously 
could not have lived long in the dark, the suspicion arises that these 
algae, and perhaps Crenothrix also, must have come through fissures, 
or otherwise, from the neighboring wells, or from other bodies of water 
more or less exposed to light. Accordingly, the Commission repeated 
these experiments in the vicinity of the Rotterdam Water Works, but 
although many samples of earth from various depths were examined, 
no Crenothrix was found except in cases where there was obvious 
entrance from basins containing Crenothrix and algae. They conclude, 
therefore, contrary to Zopf, that Crenothrix does not grow in the earth. 

Having thus narrowed the inquiry by excluding the service pipes. 
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in consideration of the experience of Delftshaven and Berlin, and also 
excluding the soil by direct observation of the absence of Crenothrix 
in the earth, at least in the vicinity of the Rotterdam works, there 
remained to be investigated only (i) the water of Maas and the open 
settling basins; (2) the conduits of unfiltered water leading from the 
settling basins to the filters; (3) the filters themselves; and (4) the 
reservoirs, etc. of filtered water. 

De Vries arranges the results of these investigations in three groups, 
of which the first deals with the organisms in the Maas and in the 
settling basins, the second with the conduits of unfiltered water, and 
the third with the conduits, reservoirs, etc. of filtered water. Space 
permits of but a brief summary of the results included in the first two 
groups; the third division will be more fully reported. 

Crenothrix in the Unfiltered Water of Rotterdam. 

De Vries reports that Crenothrix occurs by no means rarely in the 
Maas itself, along with other iron bacteria, sometimes detached, but 
more often fixed upon different water plants {Potantogeton, Cerato- 
phylliifn)^ and upon decaying leaves. By straining the water at the 
intake, direct proof was obtained that Crenothrix passed freely into 
the conduit leading to the settling basins. These are three in number, 
and have an aggregate area of 40,000 square meters. From 1880 to 
1888 they were never cleaned, owing to the excessive water con- 
sumption in the city; and in 1887 they contained a rich growth of 
water plants, among which Elodea Canadensis was most conspicuous. 
Besides these, there were abundant diatoms, rotifers, etc., mussels, 
sponges, bryozoa, and Cordylophora ; these were especially abundant 
near the outlet of the settling basins. 

Crenothrix was everywhere, but especially near the outlet. Obvi- 
ously it lived luxuriantly upon the decomposition products of the 
vegetation of the settling basins. The unclean condition of the basins 
also plainly favored its growth and increase, and was thus the first 
step in the serious contamination of the water supply. 

From the settling basins the still unfiltered water passes into a 
large subterranean conduit, 185 meters long and about 3 meters high, 
from which it is pumped through a cast-iron pipe into a reservoir 
in the basement of the water tower. From this it flows by gravity 
to the filters, first through cast-iron pipes, and then through a conduit 
350 meters long, which is tapped by the pipes passing to the several 
filters. This long journey which the unfiltered water must make in 



Digitized by 



Google 



354 Waiiam T. Sedgwick. 

total darkness forms one of the most interesting subjects of the investi- 
gation. With the exception of the iron pipes, the entire length was 
repeatedly visited and inspected. The conduit from the river to the 
settling basins was also visited, but not until 1889. 

Almost everywhere the walls of these subterranean passages were 
found covered with living organisms, forming an almost uninterrupted 
lining of varying composition. The quieter portions of the reservoir, 
particularly, showed a growth to be compared only with a magnificent 
aquarium. Handsome patches of fresh-water sponges were everywhere 
covering the walls as a thin layer, and seldom forming the familiar 
finger-like forms. Many of the patches were more than a foot broad, 
but most of them were smaller. These sponges, moreover, were col- 
orless, not green, as in the light. Between the sponge masses innu- 
merable mussels were attached to the walls by their byssus threads. 
Most striking of all was the fresh-water polyp {Cordylopkora lacustris), 
which had attained an extraordinarily luxuriant development. Upon 
and between these polyps dwelt innumerable microscopic animals 
such as Vorticella and rotifers, and larger forms, such as naids, ento- 
mostraca, and water snails. There was clearly here no lack of food. 

Here, however, Crenothrix also abounded; here were growing the 
large brown flocks, such as were found in the service beyond. Mussel 
shells and polyp stems were covered with a thick felt of iron bacteria. 
Nothing was free from Crenothrix, which was present in all stages of 
its development. 

It was further proved, by comparing the materials filtered out by flan- 
nel screens, that the water of the river, instead of being improved during 
its journey to the filters, became, biologically speaking, much worse. 

We may turn next to De Vries's account of the conditions beyond 
the filters, in the basins and conduits of filtered water. This again 
is rendered almost literally. 



, Crenothrix in the Rotterdam Reservoirs of Filtered 

Water, 

Whenever the brown flocks of Crenothrix are found in the service 
pipes of a water supply, they are a sign of imperfect or faulty filtration. 
Through good sand filters properly operated, neither the spores of 
Crenothrix, which are among the largest of those of any bacteria, nor 
yet the suspended organic particles which furnish by their putrefac- 
tion the chief source of nutriment for iron bacteria in water supplies, 
can pass. 
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Obviously, no sources of organic contamination ought to exist 
between the lowest sand layer of the filter and the tap. The use 
of wood ought therefore to be avoided as far as possible in building 
reservoirs for filtered waters. The pipe joints, which are often calked 
with oakum, likewise afford a source of nutriment, and swaying fibres of 
oakum are very often found covered with Crenothrix. This particular 
source of contamination appears to have been hitherto overlooked. 

As has been stated above, Crenothrix first appeared in Rotterdam in 
considerable quantities in the spring of 1887. This was the first spring 
after the thirteen new filters had been added to the system. We have 
already explained how, in consequence of the excessive demands made 
for a number of years upon the old establishment, a water strongly 
contaminated with Crenothrix was supplied to the filters. Still, with 
good filtration, the flocks of Crenothrix ought to have been held back 
just as completely as the coarser animal remains. Compared with the 
river water, the service water ought to have been enriched in dissolved 
organic matters, but not laden with bodies in suspension. Nevertheless, 
a sand filtration is never such a perfect process, even under the most 
favorable circumstances, that the degree of purity of the water to be 
filtered can be entirely a matter of indifference. Local and tempo- 
rary disturbances may be reduced to a minimum, but they can never 
be wholly excluded. In order to make this plain, we must consider 
somewhat more fully the precise phenomena of filtration. 

In 1874, a Commission was appointed to investigate filtration in 
Rotterdam thoroughly, under the local conditions.^ This Commission 
found that the purification of the water occurs by no means equally 
throughout the entire depth of the sand, but chiefly in the uppermost 
layer, rich in microscopical organisms, especially diatoms, which layer 
is gradually formed during filtration. The more completely this layer 
is developed, the more perfectly will the filter do its work, but at the 
same time the greater becomes its resistance to the passage of water. 
This resistance finally becomes so considerable that it is no longer 
profitable to run the filter. The filter must now be cleaned, 1. e. this 
uppermost layer must be removed, and then the process begins again. 
This is the universal experience in filtering drinking water through 
sand. It has been most thoroughly and fundamentally worked out by 
Piefke in his " Principien der Reinwasser-gewinnung vermittelst Filtra- 
tion," and " Aphorismen iiber Wasserversorgung." 

1 Rapport van de Commissie tot onderzoek betreffende het water der Drinkwater-Ieiding 
te Rotterdam, Juni, 1875. The microscopical investigation of the sand layers was conducted 
by Professor P. Harting, in Utrecht. 
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This author has shown that it is chiefly the jelly-forming bacteria 
which endow the sand with its filtering capacity. They convert the 
uppermost layer of sand into a sort of jelly, and develop in the layers 
next below, much slower, yet in such a way that the latter participate 
to a certain extent in the filtration, and so that after the cleaning of 
the filters they can very quickly develop into the peculiar filtering 
jelly. Without the aid of organisms, sand does not filter. Undoubt- 
edly it will hold back the coarse things which cannot pass through its 
pores; but bacteria and their germs, as well as finely divided clay, 
pass freely through its pores so long as these are bounded only by hard 
and smooth quartz grains. In order to retain such things as these the 
surfaces of such grains must be sticky, and they become so only 
through the bacterial jelly referred to. It follows from this, that dur- 
ing the first days after each cleaning the bacterial layer is only im- 
perfectly formed. During this period, therefore, the water must be 
allowed to trickle through very slowly. Even then it will be almost 
inevitable that bacteria, and therefore the germs of Crenothrix, shall 
penetrate into the deeper and non-glutinous layers of the sand, from 
which they may be swept out later under a more rapid rate of filtra- 
tion. Every temporary rupture of the bacterial jelly layer during fil- 
tration will have the same result. Single germs find passage, and are 
then no longer held by the sterile under layers. Recognized causes 
of such gaps are, first, air bubbles rising from below, where they had 
remained in the sand after cleaning, or after emptying the filter. 
Again, worms and other animals bore through the membrane, eels 
break it up, etc. The more undisturbed the jelly layer is, the more 
perfect is the filtration. The freer the water to be filtered is from bur- 
rowing animals, from bacteria and germs, the rarer are these breaks, 
and correspondingly smaller is the number of organisms which, at each 
break, can thrive in the deeper layers. 

So far as Crenothrix is concerned, it is affected rather in respect 
to its nutrients than its germs. To keep out the latter is practically 
impossible ; the nutrients, however, need be excluded only so far that 
they shall not support a perceptible growth. This can be done safely 
and very completely by the filtration through sand of a well settled 
river water. In spite of the slight unavoidable disturbances, the water 
of the Maas can be so purified by sand filtration as to make impos- 
sible the multiplication of Crenothrix in the service system. This 
is established by the prolonged experience of the second Rotterdam 
supply (Delftshaven), as given above. 

Investigation showed that the contaminations of the filtered water 
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with Crenothrix occurred from two quite different sources. The first 
was connected with the defects of the new filters and with the new 
conduit built at the same time. The second lay in the fact that the 
filtered water was conducted from this conduit, through a part of the 
old conduit system, to the reservoir of filtered water and the pumps. 
We must treat these two sources of contamination separately. The 
first produced only a relatively small contamination. The second, 
however, furnished in 1887 nearly the whole amount of the flocks 
detected in the filtered water reservoir, and passing into the service 
pipes. Let us consider, therefore, in the next place, the new filters 
and their effluent conduit. 

The grounds of the Rotterdam Water Works lie close to the river, 
and outside a great dike which bounds them on the entire northeast 
side. Such ground is well known to be much inclined for the first 
few years to yield under the weight of new structures. Cracks in 
the walls are the result; nor are they wanting in other structures laid 
upon the soft earth of Holland. To what extent these crevices might 
have been avoided by some different kind of filter construction does 
not here concern us. The fact is, that after a year's operation every 
one of the thirteen new filters exhibited such crevices. They allowed 
the unfiltered water to pass from one filter directly to the filtered 
water basin of a neighboring one whenever the difference in level 
furnished pressure enough. During the cleaning, such differences of 
level are obviously almost unavoidable. Similarly, under certain cir- 
cumstances, they permitted the pressing into this space of water from 
a neighboring ditch. 

The entrance of Crenothrix in such ways was established by direct 
observation. For this purpose a filter (No. 21) was emptied of water, 
and the sand and its supports were removed in places, so as to 
expose the basin for filtered water, and the sides. The water that 
streamed in here and there through cracks was examined, either 
directly or by being caught in bottles, and in both cases numerous 
large and small flocks of Crenothrix were discovered. The micro- 
scopical organisms accompanying them, among which were observed 
actively moving Pandorina and other green algae in full activity, 
showed plainly that the inflowing water had come from the neigh- 
boring reservoirs of unfiltered water, viz. the ditches, filters, basins, 
or the upper layers of the sand. 

The germs thus introduced had not, however, during one year's 
working, given rise to any considerable vegetation. Here and there, 
especially near the cracks, the wall was covered with large slimy 



Digitized by 



Google 



358 William T. Sedgwick. 

masses of the sulphur bacterium, Beggiatoa alba, and similar masses 
could be found upon the timbers which support the sand. Other 
organisms were not wanting in these masses, especially the iron bac- 
teria, Cladothrix dichotoma and Crenothrix Kiihniana, They gave to 
the masses upon the walls, but not to those upon the timbers, an 
intense yellow coloration. The Crenothrix, however, forms here the 
usual flocks. From the effluent basins of the separate filters, the fil- 
tered water runs in a long conduit, common to all, which lies under 
the canal of unfiltered water, and conducts the effluent water to the 
pumps. The wall of this conduit was still quite free from any vege- 
tation, with the exception of one small spot in the neighborhood 
of a little crack, where Crenothrix occurred. Through this conduit, 
therefore, probably those contaminations alone were conveyed which 
had entered as such through cracks in the walls of the filters. 

The amount of these contaminations was almost insignificant, as 
was proved by direct tests made by a flannel screen. At different 
times such screens were placed in this conduit, sometimes at the 
effluent opening from single filters, sometimes in such places that 
the water from several or from all the filters must pass through 
them. The screens filled completely the entire passage and retained 
all contaminations. Upon them were invariably found in great quan- 
tities filaments of Crenothrix, besides innumerable infusoria, diatoms, 
worms, debris, etc., but the larger flocks of Crenothrix were a rare 
phenomenon here in 1887. 

As stated above, the chief source of the increased quantity of Cre- 
nothrix in the effluent basins was that section of the conduit, lying be- 
tween the new conduit and the pumps. This section had not been 
newly built, but was a portion of the old conduit, which, since the be- 
ginning of the works in 1874, had served to convey the filtered water 
from the old filters to the pumps. It was one hundred and twenty 
meters long, about two meters high, and one meter wide, and con- 
tained a row of transverse timbers to strengthen the walls. In spite 
of these, the walls were in many places broken, and thus permitted 
the entrance of unfiltered water from the older neighboring filters 
now disused. 

The high degree of the contamination in this conduit was detected 
as follows. The conduit was completely shut off* by flannel screens at 
its beginning and its end. The former served merely to remove the 
suspended matter from the water before it flowed into this conduit. 
If this old conduit had been clean, the second screen must have re- 
mained clean. This, however, was not the case. On the contrary, this 
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screen, after a short time, was thickly covered with the brown flocks 
of Crenothrix. This portion of the conduit system poured out every 
day masses of Crenothrix so considerable that the water which flowed 
from it into the reservoir of filtered water had always to be filtered 
through metal screens, and these within twenty-four hours often became 
completely choked up with iron bacteria. From these screens were 
often collected, in enormous quantities, large flocks more than a centi- 
meter long. These results induced the Commission to visit this conduit. 
It was easy to inspect the walls in the neighborhood of the old gates, 
pow closed, which formerly admitted the water from the four adjacent 
filters, since these places were directly accessible. It was only neces- 
sary for this purpose to lower the water to a certain depth. To pene- 
trate far from these places was, 'however, more difficult, since for this 
the water had to be pumped out as completely as possible, and this 
could be done only at night. Besides, the conduit was but ill adapted 
to such a journey on account of the numerous cross timbers within it. 
They succeeded, nevertheless, in overcoming these difficulties, and in 
actually observing with their own eyes the principal seat of the vegeta- 
tion of the Crenothrix. 

In the next place, it is to be noted that the living population of the 
walls, which was almost never absent in the conduits of unfiltered water, 
was wanting here. There was not a trace of sponges, moUusks, or bryo- 
zoa. The rich vegetation of Crenothrix which covered these organ- 
isms there, was not therefore to be expected here. On the contrary, 
the iron bacteria were here growing directly upon the beams and walls. 
These were everywhere covered with a brown growth, which for the 
most part was very thin, and only here and there bore the larger flocks 
of Crenothrix. The walls, however, were covered in streaks with well 
developed patches of iron bacteria, which spread over them like a felt 
of velvet, and on microscopical examination proved to be composed en- 
tirely of large, dark brown flocks of Crenothrix, sometimes a centimeter 
high. Out of the brown sheaths, the colorless jointed filaments were 
protruding in all cases. Upon the beams the vegetation was appar- 
ently younger, or at least less well developed ; the brown threads were 
the rarer, the colorless the more frequent. It is possible, however, that 
they are more easily swept off by the stream here than from the side 
walls of the conduit. As soon as this source of contamination was 
recognized as such, the Commission advised that the conduit in ques- 
tion be disconnected, and replaced by a new cast-iron pipe. Accord- 
ingly, the authorities ordered this to be done, and the new pipe was 
ready for use in the spring of the next year. The result agreed with 
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their expectations, the amount of Crenothrix in the city service dimin- 
ishing suddenly and very appreciably. This decrease, however, was by 
no means so great as had been hoped, for the enemy had meanwhile 
established itself in other parts of the conduit of filtered water. The 
new conduit, which after one year's use was still free from it, yielded 
in the two following years gradually increasing quantities of brown 
flocks. An investigation in August, 1889, showed that there was no 
accumulation of sponges, mussels, or bryozoa, and that the flocks of 
Crenothrix were attached directly to the walls, not only in the conduit, 
but also in the new reservoir of filtered water near the new engine- 
house. The closeness and thickness of the felt-like growth was differ- 
ent in different places, and some portions had been already cleaned 
during the summer. At one point there was a smooth dark brown felt 
a few millimeters in thickness, extending over several square meters; 
at another, the wall was merely brown, but sprinkled with larger scat- 
tered flocks as much as a centimeter in height. Bunches of Crenothrix 
were continually detached by the stream, and fine metal sieves had to 
be used to remove these as completely as possible. 

Thus there had arisen, within the first three years of operation of 
the new works, an infection with iron bacteria, which moreover, even 
after the old conduits had been entirely disconnnected, maintained the 
original evil, but fortunately not to such an extent that complaints 
were serious. On the contrary, the Commission believes that the evil 
will never again reach its original magnitude, although it can be fully 
overcome only by the improvement of the filters which are concerned. 

In conclusion, the biological results of this portion of the investiga- 
tions may be briefly summarized as follows. The animal life which was 
found upon the walls of the conduits of unfiltered water was wanting 
here. Sponges, mussels, polyps, and bryozoa were nowhere observed. 
With them were absent all those organisms which supported themselves 
among these; and this, too, not only in the new conduits during the 
first three years of operation, where they came under observation, but 
also in the old conduit, afler being in use for more than a decade. 

On the other hand, Crenothrix had succeeded in establishing itself 
upon the walls of the reservoir of filtered water. In the first year, the 
Commission failed to detect it, or detected traces of it only; in the 
second and third years, it increased to a suspicious extent, and over- 
spread great patches of the submerged portion of the walls with its 
gently waving vegetation. This was either thin, and dotted here and 
there with larger scattered flocks,^ or attained a thickness of several 
millimeters. In the old conduit these growths were more than a 
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centimeter in thickness, and continually shed off, into the water flow- 
ing by, innumerable large flocks. It would be an important question 
to discover what velocity of the stream, under given conditions, most 
favors the growth of Crenothrix. Unfortunately, the Commission could 
not make any thorough investigation in this direction. It appears, 
however, as if the very slow movement in the basins of filtered water 
beneath the filters does not suffice for its luxuriant development, for 
it was not in these, but in the conduits^ that it attained its richest 
development 

The Danger of Contamination of the Water with 
Crenothrix before Filtration. 

How does it happen that Crenothrix was able to develop so luxuri- 
antly in the filtered water of the main system of Rotterdam, while it 
has not yet established itself in the system at Delftshaven, though 
the latter draws its supply from the same source? 

A good sand filtration frees the water from the suspended organic 
and inorganic particles; it cannot, however, affect the quantity of 
dissolved materials. The iron bacteria, however, live upon dissolved 
matters, whether these are present as such in the water, or, as in 
masses of bryozoa, etc. penetrated by Crenothrix, arise on the spot 
from dead, putrefying remains. The cleanest water will be able to 
support a growth of iron bacteria if only it contains a sufficient quan- 
tity of dissolved organic materials. Moreover, this quantity does not 
need to be at all large. As has been stated already, Winogradsky 
found that the addition of 0.005 to 0.0 1 per cent of calcium butyrate 
or sodium acetate to the well water of Strassburg sufficed for the 
nourishment of iron bacteria. This is a degree of dilution at which, 
as is well known, most organisms cannot thrive. And when so limited 
a quantity of food stuffs suffices in culture experiments in which the 
water is comparatively seldom renewed, how inconceivably small must 
be the necessary quantity in a water which, as in the filtered water 
conduits, moves swiftly and continuously in a quick stream past the 
bacterial growths, and, accordingly, instantly makes good every loss, 
however small. 

Whenever the water of a water supply is rich enough in dissolved 
organic matters, the water of the canal and the pipes may become 
covered with Crenothrix. On account of the marvellous reproductive 
powers of this organism, only single spores are necessary in order to 
begin the first growth. Such spores obviously can never be entirely 
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excluded. Fortunately, the water of the Maas does not contain quan- 
tities of dissolved organic matters adequate to support the vegetation 
of Crenothrix in the filtered water reservoirs. The case of Delftshaven, 
already repeatedly referred to above, proves this. At the same time, 
Winogradsky's experiment, cited above, shows that a slight increase 
will suffice to exceed the dreaded limit The water must, therefore, 
become so changed between the river and the filters, that it is adapted 
for the nourishment of Crenothrix. 

Let us now consider from this point of view the vegetation in the 
basins of unfiltered water, and in the canals which conduct it to the 
pumps, and finally to the filters. In the settling basins, the water is 
supposed to stand twenty-four hours in order to secure complete clari- 
fication. In consequence, however, of the vastly increased consump- 
tion, it has been necessary for several years past to curtail this time 
appreciably. A large new basin is indeed projected, but meanwhile the 
settling of the river water in the old basin is incomplete. In so far as 
the suspended matters are of organic origin and are not deposited, in 
so far, obviously, will they through their putrefaction increase the 
content of the water in dissolved organic materials. 

In the conduits, the water passes in the dark for a distance of six 
hundred to seven hundred meters. Almost the entire surface covered 
by water is, in these passages, furnished with the animals described. 
Their excreta, their dead bodies, readily undergo decomposition, and 
furnish a rich source of dissolved organic materials. 

It is therefore an inevitable consequence of these conditions, that 
the water before filtration is charged not only with suspended, but also 
with dissolved organic substances; and the slower the stream, and the 
more vigorous the life in the conduits, the greater is this contamina- 
tion. The current depends upon the consumption of water in the city, 
the activity of the organisms upon the season and the temperature. In 
winter, therefore, the slow current, in summer the active metabolism 
in the masses of organisms, produce an increase in dissolved organic 
materials. The question now arises whether this increment is such 
that it may be regarded as having an influence upon the increase of 
iron bacteria. In order to make possible an opinion on this point 
De Vries has employed the results of chemical analyses, which since 
the first years of the service have been made, almost without exception, 
every week. From these figures he has calculated the averages for 
the separate months of each year, and then, in order to make the 
results more easily comparable, has computed the average for the 
corresponding months of each three successive years. The variations 
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between single observations thus disappear for the most part, yet by 
no means completely, and the separate variations afford no sufficient 
explanation. In a general way, however, he considers that the table 
gives an unequivocal answer to the question at stake. 

Table showing the Amounts of Potassium Permanganate required to 
OXIDIZE the Organic Maiter in one Litre of the Rotterdam 
Drinking Water. 



Months. 



January . 
February . 
March . . 
April . . 
May. . . 
June . . 
July. . . 
August . . 
September 
October . 
November 
December 



A 

1877-1879. 



7.5 
6.6 
6.4 
6.0 
5.2 
3.6 
4.2 
4.2 
4.2 
5.1 
7.4 
7.4 



B 

x88o-i88a. 



6.7 
7.1 
7.6 
5.7 
4.7 
4.0 
4.6 
4.4 
5.1 
6.6 
7.2 
7.2 



C 

1883-1885. 



6.7 
6.2 
5.9 
5.1 
4.6 
4.9 
3.5 
3.4 
3.7 
5.1 
5.7 

ao 



D 

1886-1888. 



7.4 
6.9 
6.9 
7.4 
5.6 
5.9 
5.2 
5.5 
4.7 
5.6 
7.0 
7.9 



D — A 



-0.1 
03 
0.5 
1.4 
0.4 
2.3 
1.0 
1.3 
0.5 
0.5 

-0.4 
0.5 



The figures of the table signify milligrams of permanganate (KMnOJ. 
The column D — A shows the difference between the columns D and A, 
and therefore represents the increase in organic matters in the course 
of the twelve years under investigation. If we estimate the increase 
by comparing column D with either of the other three, we shall obtain 
similar results. Apart from the variations referred to, it is evident at 
a glance that in the early years of the establishment the quantity of 
organic matter in summer was about half as great as in winter. The 
latter quantity has altered but little during these years ; on the whole, 
it has increased a little. In summer, on the other hand, the increase 
has been very significant. This increase in quantity of organic matters 
has not been accompanied by a corresponding increase in inorganic 
matters. De Vries calculated the weekly estimations of the latter in 
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the same way as before, and finds an average increase of about 10% 
over the original quantity (185 milligrams per litre in winter). This 
increase is least in the summer months (about 8%), and greatest in 
the winter (as much as 15%). It does not keep pace, therefore, with 
the increase in organic matters. 

Any complete comparison of the figures in the table with those of 
Winogradsky's experiment is impossible. Roughly speaking, they 
seem to have nearly the same value. From earlier analyses of the 
Rotterdam Water Works, De Vries estimated that on the average one 
milligram of permanganate equalled about five milligrams of loss on 
ignition. According to this, the figures in the table would indicate 
about 0.002-0.004% of organic matter (ash free). In the experiment 
cited (Winogradsky's) the nutrient solution of the iron bacteria con- 
tained from 0.0025 to 0.008%. 

The above table extended to January i, 1889. In the spring of that 
year the cleaning of the settling basins and canals began for the first 
time. 

De Vries concludes, therefore, that it is a fact that the dissolved 
organic matter in the water has increased during the operation of the 
filters. He does not assume by any means that this increase has 
occurred in the settling basins and the conduits of unfiltered water ex- 
clusively. Obviously, the wooden beams which support the sand, and 
the vegetation of Crenothrix itself, even in the conduits of filtered 
water, furnish an amount not to be neglected. Yet the iron bacteria 
are satisfied with such an extremely small amount of these foods that 
every source of organic matter must be regarded as injurious, or at 
least as dangerous. It is difficult for the biologist to execute the 
sentence of death upon this wonderful population, which is able 
to thrive in the dark chambers of our water works. Nevertheless, 
De Vries regards the execution of this sentence as inevitable, if we 
would exterminate the Crenothrix from water supplies where it has 
once become established. 

Crenothrix in the Water Supply of Lille. 

In the spring of 1882 there suddenly appeared in the water supply 
of Lille, in France, a pollution so extensive that the water for a time 
could not be used. For some years previous the water had occasioned 
anxiety on account of its reddish color, bad taste, and disagreeable 
odor, but it had not produced serious trouble until April, 1882. At 
that time it became so bad that in certain quarters of the city it could 
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not be used, and for some time afterward every heavy rain was followed 
by a fresh disturbance. The water bore a rusty scum, easily strained 
out. Ferruginous deposits also formed in the reservoirs and some of 
the distributing mains. The water became so bad that even the tram- 
horses at one time refused to drink of it. This attack of Crenothrix 
was studied by A. Giard,^ who found little to add to the work of 
Zopf except that the microgonidia appeared to him to be motile, and 
furnished at one time with a flagellum. These afterward pass into an 
irregular MeHsmopcedia stage, and still later into zoogloea. From the 
zoogloea the usual filaments are finally produced. The source of the 
drinking water of Lille appears to have been a series of wells in a 
marshy region, and the conditions appeared to Giard similar to those 
that prevailed in the original Tegel supply of Berlin. He therefore 
urged sand filtration as a remedy, and advised towns about to institute 
water supplies to avoid ground waters as a source of supply. 

Crenothrix in a Water Supply of Rome. 

The latest case which has been reported is in one of the water 
supplies in the vicinity of Rome.^ The **Cometo Tarquino" system 
became so infested with Crenothrix that the water was ill-smelling 
and no longer potable. The difficulty appeared to arise, not in the 
springs or reservoirs used as the source of supply, but in a conduit 
forming a part of the main leading to the city. 

^ A. Giard, Comptes Rendus, 1882, p. 247. 

2 Bentivegna e Sclavo, Un Caso di inquinamento in una Conduttura di Acqua potabile 
per \o Sviluppo della *' Crenothrix Kiihniana." Roma, Diregione Sanit4 Pubblica, 1890. — 
Giornale della Reale Society Ital. d' Igiene, Milano, 1890. 
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